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I.-No person shall be allowed more than one 
voluIne at one time, excepting in the case of works 
in several volumes, when Dot exceeding three, will 
be allowed if all are taken and returned together. 
2.- Two WEEKS is the time ullowed før keeping 
books out, excepting .those marked "SEVEN DAY 
BOOK" which can be kept but one week; the fine in 
each case being two cents for every day a book is 
kept beyond the tÏIl1e. Persons owing fines forfeIt 
the use of the Library till they are paid. 
3.-Alllosses of books, or injuries. to them, must 
be made good hy the person liable, to the satisfac- 
tion of the Library Committee. 
4.-Books may be drawn for use in the Reading 
ROOID, to be returnerl after such use, and the penalty 
for failure duly to return theIn, shall be the same as 
that prescribed in Rule 2d aboyp, for the keeping of 
a book one week over t
e allotted time. 
5
-Borrowers finding a book torn, marked, or in 
any way defacerl, are required to report the matter 
nt Ol1ee to the Librarian; otherwise they will be neld 
responsible for the damage done. 
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G.A.R-PII(ES, OLD AND YOUNG. 


By PROFESSOR BURT G. WILDER, 
OF CORNELL UNIVERSITY. 


I. 
S O}IE readers of THE POPULAR SCIENCE 1\loNTHLY may never have 
seen gar-pikes, or even heard of them. The word does not occur 
in some of the dictionaries, and the animals themselves are found 
alive only in certain parts of the world. So, before telling 'what gar- 
pikes do, it is neceßsary to explain what they are. 
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FIG. t.-THE SnoRT-NoSED GAR-PIKE (LÆpidosteu8 platyst()'fnUB), 
Nearly ndnJt, one-fourth natural length. 0, the gill cover, or opercul . urn. P, the 
ectoral, and Ve; 
the ventral, fin of the left Elde. D and A, the dorsal and anal finE!. DF and VF, the H fulcra' 
which cover the dorsal and ventral borders of the root of the tail. X indicates the point where 
the section shown in Fig. 3 was made. The scales are shown in the next figure. 
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In the first place, the gar-pike is not a weapon, but a vertebrated 
(tnin
al. The vertebrates include all animals having a spine or back- 
bone made up of a series of seglnents or vertebræ. But this coronIon 
definition is not wholly accurate. For the very young of nlan and 
monkeys, quadrupeds and birdg, reptiles and fishes, have no skeleton 
at all; and SOlne of the lowest fishe
, the A1nphioæu8 and the lam- 
prey-eels, have no bones. So the vertt
hrates are now said to include 
all animals having a longitudinal axis or. spine (whether membrane, 
cartilage, or bone) separating an npper or dorsal cavity, containing 
the spinal cord and brain, fr:)m a lo,ver or ventral cavity, containing 
· VOL. XI.-l 
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the 
tonlach, intestiut:', 1leart, aHd other organs of yegetatiye life. This 
i
 bhown in Fig. 3. 
. T
et us no,; 0'0 one 
tep further and learn what kind of a yerte- 
brate is the gar-
)ike. At present the most natural prinuu-y subdiyi- 
:;ioll of the branch seems to be into three great groups. The highest 
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FIG. 2.-PAllT OF THE SIDE OF THE BODY OF Lcpidosteus platystom.us, 
Natural @ize ehowin cr the nrran
ement of the enameled scales. Below is an outline of a single 

 ". 
cale; tbe point il:! covered by the Ecale in front. 


is the 
I3nlma1ia, compri
ing our cotnmon quadrupeds, also bats, mon- 
keys anll tHen, seals and whales. The females of all these bring forth 
their young alive, and nouri
h them with milk. 
X ext conIC "the 
auropsida, including bird
, turtles, crocodiles, 
lizartls, ana snake
. lastly, the Ichthyopsida, embracing tbe Ba- 
trachians (frogs, toads, and salamanders), and an otller vertebrates. 
Evidently, our gar-pike is neither a mammal nor a bird, a turtle. 
a snake, nor a lizard. It does look a little like an alligator, hut it 113s 
not only fin
 ana FcaleR, but also gills, 'which are not known to exist 
in any reptile; while aU the Ichthyopsida have gills during at least a 
part of their lives. The gar-pike is neither a frog nor a toad; it hAS 
scales ana fin-rays unlike salamanders. 'Vhy, then, not call it ajish? 


A, :VC' E 
.......
 
C 
 ' o
; MA ;.1"0 
.....M . .. -" M 
: / 


FIG. 3.-CRO
8-
ECTIO
 (XATCRAL 
IZE) OF THE SnoRT-NOSED GAR-PIKE (Lepi.doBteus platys- 
tom ?JR) , 
to\hm
ing thE' l!enE'rnl nrrl\n{!cmcnt of ttlC' organs which i
 chm'acteristic of vertebrRte8. The sec- 
tIon I?I made In front of" th(' '"entral fins at the point indicated by X on Fi
. 1. The cut flur- 
f.tce If! !m!kf'rl at f
olJ1 hehinc1. S('ar th(' middle is the vertehrnl column òr backbone (VC). 
A 
O\ e It ]!.' th(' epmal cord (Sf'), flurroun
lcd hJ hony waUfI. H
low are the nbdomir!al vi
('era. 
A I
 the median aorUl, V V the laternl vems. .iJIA IS the medum channel of the aIr-hladder 
and LA, L !, are it
 l
teral chamh.(.
. The cavity of the stomnch (At) ifl on the ldt, and th
 
lIver (L), with two vems, on the rl
ht. 0, 0 arc the two ovaries. of which the left lies far- 
ttwr fnr""ard flO that it
 Acction i
 sma!le
. The whole is surrounded by the muscular walls 
or the botJ)."(J/, Jl. JI, J/), and UIlS agam IS covered by the plates of the tlkin. 
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Because, unfortunately, 've are not sure that there arc any" fish- 
es." The terms "beast, bird, and fish," not,vithstanding COlnmon 
usage and the sanction of Scripture, are devoid of scientific accuracy. 
For" heast'" includes turtles and alligators, and excludes the aquatic 
Inalnmals, ,vl1ales, porpoises, manatee, and dugong. "Bird " includes 
bats and pterodactyls, .and excludes the ostriches and penguins, which 
cannot fly. So" fish ". is not only held by some persons to embrace 
the aquatic mammals, but also, when employed in a stricter sense, it 
inclutles forlns differing among themselves in many important points. 
At any rate, the" fish-like vertebrates" present the following we11- 
marked groups: 
1. Alnphioxus lanceolatus,. the lancelet. A single genus with 
perhaps a single species, but so peculiar as to bave received the fol- 
lowing appellations: Branchiostoma, Cirrostomi, Pharyngobranchii, 
Leptocarùia, Acrania, Entomocrania, Dermopteri. 
2. l\Iyzonts, 01' l\Iarsipobranchii; the hag-fishes and lanlprey-eels. 
3. Plagiostomes, or Elasmobranchii; sharks 
nd skates. 
4. IIolocepha]a; the ChÏ1næra and Callorhynchus. 
5. Ganoids; the sturgeons (Acipenser and Scaphyrhyn(
hus); the 
spoonbill (Poll/odou); the mud-fish (.Linda); the gar-pike (Lepidos- 
teus); and the Polypterlts ancl CaZamoiclitllYs of .L\frica, ,vith lnauy 
fossil forms. 
6. Dipnoans; the luud-fishes of Africa, South Alnerica, and Aus- 
tralia (Protopterus, Lepidosiren, and Ceratodus). 
AU of the above were formerly, and are no,v popularly, r('garded 
as fishes. 
But the fishes proper, or ordinary fishes, are now called: 
7. Teleosts; the pereh, sahnon, cod, mackerel, and all othe-l
S not 
included ,vithin the other six groups. 
SOlne have included Arnphioxus with the l\Iyzonts; others the 
Plag-iostomes ,vith the Ganoids. The most natural combination 
seems to be that of the Ganoids with the Teleosts; and to this larger 
group the term Pisces has been applied. But f()r the present it is 
safer to recognize the distinctions, and to make our generalizations 
more exact. 
'Vhat, theu; is a gar-pike? Is it a Ganoic1 or a Teleost? Curiouily 
enongh, the prefix" gar" (signifying a dart or pointed ,veapon) is 
employed to designate two fishes, of ,vhich one (BeZone) is a nla-rine 
Teleost, anc1 the other (Lepidosteus) is a fluviatile Gnnoid. Both 
have long jaws with sharp teeth, but in other respects they are yery 
unlike. It will be bettcr to call ReZone the "garfish" and Lepidos- 
teus the gar-}Jike. 1 
The general appearance of the gar-pike is sufficiently indicated by 
1 These common names are very perplexing
 Thus. the true pike is Esox. The name 
dog.fish is popularly applied to Jlc1l,obl"anchus, a batrachian; to 
1miaJ a ganoid i and to 
Acantltias, a shark. 
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the fìcrurc. The body i
 aD elongated cylinder covered with hard and 

hinil

 scak:i closely joined, anù leaving as vulnerable points only 
the th
oat and gills, the eyes, and the parts just under the pectoral 
fil1
. The tail is moderate in size and rounded, the longest ràys a 
little above the middle, so tbat it is not quitc. symmetrical. Upon the 
hintler part of the back i
 the dor:5al fin, and below the dorsal an 
annl tin, immediately in front of which is the vent or outlet of tllO 
alinlentary canal. 
rhe paired fins, pectoral and ventra], occupy the 
places natural to them as representatives of the anterior and poste- 
rior IÏJnùs òf salamanders and alligators. 
The length of the heaù varies in the different species, but, whether 
longer or ::,horter, the ja'ws are furnished ,vith rows of yery sharp and 
closcly
set teeth. The apparent form of these teeth is a siulple elon- 
gated cone; but it has ùeen shown by Prof. Jeffries ".,. yn1an that 
their surface is reaI1y deeply folded, 
o that a cross-section resell1bles 
that of the teeth of the curious fossil Batrachians, called, for that 
rea
on, IJabyrinthodonts. The eyes are of moderate size. As with 
orùinary fishes, the ears do not appear externally. The nostrils are 
two pair of slnaII holes at the tip of the snout, communicatÏI1g with an 
olfactory sac on each 'side; the lining of this sac presents one median 
longitudinal and l11any transverse folds. , 
The genus Lepidostclls, according to Iluxley, has not been found 
earlier than the Tertiary rocks; although the fan1Ïly Lepidosteidæ is 
repre
ent('a hy mor<: or les:5 numerous gener::! as far hack as the Car- 
honi.f('rons and perhaps (by Clteirolepis) in the Devonian. 
True gar-pikes are not found in Europe, Asia, Africa, or Austra- 
lia, or in South ...1\merica; while in North America they seem to be 
n('arly confined to the 1tlississippi River and its tributarief:, and the 
Great Lake,.1 
Prof. PfJey has al
o recorded the existence of a gar-pike in Cuba, 
a fact which is interesting, not as an indication of "manifest destiny," 
hut as a )11enl0rial of the 8.nppo
ed ancient connection between the 
',est Tndia I
landR and our ('ontinent. None }lave been found in salt- 
water, and the writer has no knowledge as to how far they enter tIle 
mixe(l ".at0r at the mouth of the 1\1 ississiPl)i; hut tJlcir tenacity of 
life encoura
es t he belief that they might possibly adapt thenlselves 
to the ocean. Their introduction into K e,v En<rland 'waters would 
b 
afford to Eastern zoülog-ists the much-desired opportunity of studying 
their ílevclopment, of which nothing whatever is kno"
n. 
'V. e nl.u
t now in(luirf' ,vhcther thero are ll10re than one species of 
L 1,i oill 'JJ. 
"t;nfortunatcJy, this que
tion inyolves several others. For the 

enll
 L'j idost s, estaùlisheù hy lolaccpedo for the Ringle species 
J A f..w examples have hec-n taken in Cayuga Lake, in Central Xew York, having 
probably entered by the canal at its northern end; it is said to occur in the Susque- 
hanna River, Pe.nu!'ylvania. It is lately reported that a species has been found in China. 



G.AR-PIKES, OLD AND YOUNG. 


5 


osseus, has since been subdivided by some authors into Lepiclosteus, 
Cylindrosteus, and Litholepis, or Atractosteus j and nearly forty spe- 
cific names have been applied. One of these, Sarchirus, merely de- 
notes the lobed state of the pectoral fin of the young gar (as will be 
shown further on), and most of the others seenl to be based upon 
individual or geographical variations. 
Iuch more rem::tÏns to be 
learned before the exact number of species can be ascertained; mean- 
time, ,ve nlay safely admit the three follo,ving : 
L. osseus, the bony gar, having a long and narrow snout, and 
rarely attaining five feet in length; L. platystomus, the sbort-nosed 
gar, with a short and broad snout, as the name implies; and L. ada- 
'Jnantinus, the alligator-gar or diamond-gar, with a short and ,vide 
snout, but attaining a greater size tban the other two, and more C0111- 
mon in the southern })art of the l\Iississippi Valley. Probably the 
careful comparison of many individuals will oblige us to admit one or 
two additional species. 
N ot,vithstanding, however, the peculiarities by which several of the 
Rpecies of Lepiclosteus may be distinguished, so many and so obvious 
are the features 'which unite them together, and separate them from 
all other fishes, that they are recognized by all as belonging together, 
just as are tbe catfishes, the suckers, or the sturgeons. 
l\Ioreover, their internal structure, so far as it has been ascer- 
tained, presents a remarkable uniformity, whence .we may infer that 
there is no important difference in their functions or habits, except- 
ing'in so far as may depend upon their circumstances, their food, etc. 
It is desirable to ascertain the extent of this variation, by accurate 
observation of carefully-determined examples, but on the present 
occasion we nlust be content, although unwillingly, with the assurnp- 
tion that what one gar has done another gar can do. 1 
Like 11l0st other New England zoölogists, the writer had been long 
obliged to content himself with dead gar-pikes, and with the some- 
what unsatisfactory figures and descriptions which occur in a few 
zoölogical works. lIe had gained some more vivid impres
ions from 
the words and blackboard sketches of hinl who regarded" the estab- 
lishment of the order of Ganoids as the most important advance \vhich 
he had brought about in ichthyology." 2 
But eyen these privileges only increased the desire to behold the 
gar alive and active, and to realize the delight expressed by tbe great 
teacher when first enabled to observe them upon his journey to Lake 
Superior. 


1 Unwillingly, because all such RS5umptions are very undesirable. There have proved 
to be exceptions to nearly all general rules, whether of structure or of functions, as is 
shown in a paper by the writer, entitled" Is Nature inconsistent? "-(The Galaxy, April, 
1876.) 
2 Although most other zoülogists have differed with Agassiz respecting the limits of 
the group, the name has been generally retained. 
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''"'hen, therefore, the writer found hÍluself upon the Illinois Rh (1' 
(at Peoria, Illinois), his steps ahllost iustinctivcly sought the .water, in 
the 80mewhat unreasonaùll
 expectation of being first greeted by a 
inajestic ., gar," rather than by SOlnc of the ruany kinds of ordinary 
fish so :lbundant in thc 'Yestern rivers. 
Thc first glance was disappointing. The river here widens into :1 
husin known as Peoria Lake; and from the fishennen's })ier, project- 
ing some forty feet from the 8hore, could be 8een no sign, Hear or 
rel11ote, of the hoped-for nlail-claù fish. The fi
herIllen, ,,-ho had not 
yet become acquainted ,vith that unnatural perversity of naturalists 

vhich causes theIn to prize some things inversely a8 their beauty, 
their gentleness, and their con1Jnercial value, called attention to tIle 
"cat...," "buffaloes," and other marketable fish swarn1Ïng in the sunken 
pens, and prolnised to bring in some gars fron} their next haul; add- 
ing some clnphatic statements as to t.he superabundullce of these and 
of uther such trash. 
J u-;t then, gliding slo,vly about yery near the surface, and ap- 
pan-ntly uw..listurbed by the splashing of the bulky" cats" and" l)uf. 
faloe
," wa
 seen a slender little fish lct:s than three inches long. 11 
was a young gar-pike. It might easily have escaped between the bars 
of the tanks, but instead relnained \vithin arn
's-length of the edge 
of the open trap, moving. gently to and fro as if courting ob
erYation. 
.A tin cup was anxiously brought: it was dipped into the ,vater, 

Iowly approached, .and quickly lifted. The gar ,,
as t}1ere. But, 
fluati.ng as u
ual at the surface, a slight tilting of the cup spilt it back 
again into the ".ater. To the astonit:hnlellt of aU, it soon reappeared 
in it:; forll1()r place, 
eemil)g actually to welc01l1e death for the sake of 
(scientific) in1l110rtalit y. 
By a second and nlore careful 
ffort the young gar was secured, 
ana Foon tr:lllsferted to the basin of water which 'vas destined to ùe 
it:.:, home for three 'Weeks. 
Duriilg that time a part .of each day ,vas spent in observation of 
its fornl and its nl0yements, and in con1})aring it with otl1er gars, old 
and yonng. 
THEIR IIABITs.-K one of the young gars olJserved by the writer 

howe(1 any clispo
ition to attack each other or the small fishes 11laccd - 
with tlll'ln; ana the ston1achs of the t,yO adults examined with refer- 
encc .to this point contained only a few grasshopper
. But the many 
and sharp teeth are t'\.idcntly ".e11 fitted for seizing living and active 
prey, and the fishermen accuse tlw gars of destroJÏIlg large numbers 
of food-fishes. On this account, as also in revenge for the damnge 
(10ne hy them when entangled in tIle nets, the fisIwrnlel} arc f;aÏt1 to 
t hruw thenl out upon the bank to die or to } )lnncre t henl forciù] y llend 
, 
 
first into the suft IHU(l. ::\lore information is needed as to the food of 
the gar. 
The foI1o
ving l)rief account of their manner of feeding is from a 
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report of some remarks of Prof. Agassiz on young, living gar-pikes 
from Lake Ontario, before the Boston Society of Natural I-listory, in 
1856 : 
"The Inanner of feeding also is unlike that of other fishes, and 
resen1bles that of reptiles. Other fishes take their food and swallow 
it at once, with open Illouth. But this one (the young gar) approaches 
its prey (in this case small minnows) slyly, siJe,vise, and, suddenly 
seizing it, holds it in its ja,vs until, by a series of ll10vements, it suc- 
ceeds in getting it into a proper position for s,vallowing, as is the 
habit ,vith lizards and alligators." 
Before attaching much inlpol'tance to the reptilian analogies here 
suO'O'ested it should be ascertained whether the n10de of s,vallowing 
:")ð , . 
above described is not follo,ved by certain long-billed Teleosts (a::-; 
BeZone, etc.), and, on the other hand, discarded by the short-headed 
gar, ,vhose ja,vs have near]y the form of the pickerel. Upon the 
whole, the gars and other typical Ganoids seelll to have affinities 
with Batrachians rather than with scaly reptiles. 
The flesh of the gar is soft, and speedily decays. In 'V ood's 
" X atural IIistory," it is stated that "the flesh of the bony pike is 
said to be good;" and Prof. 'V. S. Barnard inforIllS me that the gars, 
especially the young, are not infrequently used as food by ,vhites ill 
\Viscol1sin, and by both whites and negroes in 
lississippi. Still, 
there is no reason for believing that 
he flesh is particularly desiraùle. 
In this connection, it is worth noting that little use as food is 
111ade by man of the representatives of the GanoiJs and the PI::tgio- 
stonles, which, as shown by fossil remainR, were created before the 
ordinary fishes. Some kinds of skat(>s are eaten on the Freuch coast, 
and sturgeons are known as "Albany beef," but no comparison can 
be made between them and the salmon, the cod, or the mackerel. 
"Thile watching the living gar, ,vhether old or young, one of the 
first things noted is that it not only remains usually near the surfacc, 
but, at short "intervals, actually protrudes the head from the ,vater. 
In so doing, it turns partly over upon one side, en1Ïts a large 1,n1,ble 
of air, executes a slight gulping Inovement of the jaws and throat, 
and sinks again below the surface; immediately afterward a fe,v 
smaller bubbles escape from the gill-slit on each side of the neck. 
The foregoiug is a very bald and inadequate description of a curi- 
ous and, when first observed, astonishing operation. The movements 
are very rapid, and almost convulsive, as if the fish ,yere suddenly 
oppressed by s0J11ething, and hastened to remove it. The little gar 
first obtained almost invariably turned upon the left side, tIle air 
escaping from the right; this uniformity ,,"'as not observed with the 
others. Occasionally they ,vould open the ja\vs widely, as if gaping; 
and at other tin1es the sides of the n1011th were spread laterally. 
"rith reference to the young gars from Lake Ontario already 
mentioned, Prof. Agassiz is reported as follows: "This fish is re- 
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Juarlable for the large quantity of air" hich escapes from its moutIl. 
The source of this air he has not been able to determine. At certain 
times it approaches the surface of the 'water, and seelns to take in 
air, -but 'he could not think that so large a quantity as is seen adhering 
in the funll of bubbles to the sides of the gills could have been 
swallowed, nor could he suppose that it could be secreted by the gills 
thelll
elves. " 
Since the exhalation of air from any source is evidently as ea8ily 
performed belo\v tl1e surface, tbe periodical ascent of the gars goes 
far to bhow that there is likewise an illbalation. But as it was not 
easy to determine this, on account of the small size of the young gars 
anù the ùitliculty of handling. the older ones, the writer eX}1erinl(
nted 
upon another \\Y" e
tern Ganoid, the .Linda, or "nIud-fish," or "dog- 
h:sh." 
 
"Then placed in a tank the Auda kept near tbe bottom, ana 
semned to prefer the darker portions. But it. came to the !Surface at 
pretty regular intervals, emitting one or two large bubbles from the 
Ill0uth, and, on descending, several snlaller ones from the opercu
ar 
orifice. 
The fi
h ,vas gradually accustollleù to })aving the body gently en1- 
braced by the hand about the middle. 


ç-- --
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FIG. 4.-VERTICAL LONGITUDINAl. SECTION OF THE HEAD OF LepidosteU8 platystomus, ONE- 
HALF 
ATURAL DIAMETER. 
Br, the brain cut on the median line 1"0 a8 to show the ventricles of the two hinder ]obe8, the 
cerebeJJum and optic lobes. SC, the spinal cord passing backward into the cana] of the ver- 
tebral co}nIDn (VU). CT. a ma88 of connective tissue filling the hinder part. of the brain-cav- 
ity. lIP. the rieht hypopharyngeal bone, just in front of the pa8sage (CI-I) from the throat 
(AI) upward and backward into the air-bladder (A). Ve is a valve which t-:eems to guard the 
openin!! from within 
 a corref<pondinl! valve is on the left side. LA is one of the oJ?enings 
from the medIan channel of the air-bladder into a lateral chamber. L is the liver, WhICh fer- 
minate
 forward in a large blood-vef'
el, BV. A and V are the auricle and ventricle of the 
heart; BA., the branchial artery; and ba, the cut ends of the smaller arteries to the gills on the 
ri
ht side. T is, the tongue. 


IIaving been thus prepared, the fish was permitted to swim to and 
fro in th
 tank, but; }nevented from rising. It soon became uneasy, 
ana, aft('r a few not very violent efforts to disengage itself, emitted a 
large lnll)hle of air. 
X ow', if this ('mi!'sion were 'all that was necessary ".e may suppose 
that it wonla have remaincc1 qni
t for another period. On t h
 con- 
trary, after a seron.1 or two of rpposp (perhaps resulting from tIle 
habit of being satisfied after the rcspiratory act), the fish became more 
and more uneasy, mov-cll rapidly to and fro, turned and twisted and 
l3shec1 witù its tail, and finally, by 3 violent effort, escaped from tIle 
hand. It rose 
o the surface, and, without emitting afny bubble, opened 
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its jaws 
()idcl!J and apparently gulped in a large volllll
e oj' ai?.. It 
then descended and rCluained quiet for the usual interval. 


FIG. 5 -VIEW FROM BELOW OF THE UPPER OR DORSAL \V ALL OF THE THROAT OF THE LONG- 
NO
ED GAR (Lepidosteus osseus), ONE-HALF NATURAL DIAMETER. 
The æsophag-u
 is removed excepting- that part of the dorE-al wull. (Al) which. is closely 
tta
?ed to 
the air-bladder (A). Its cut eù!!es are indicated by æ æ.. Clt 18 the 
penm!{ or .. 
lllnk lead- 
1nO' into the air-bladder and C Cindicate projecting pomts at the sIdes of the chmk. HP, hy- 
pol:>pharyngeal bones ar
ed witll teeth. 


The escaping air should be chen1Ïcally examined. But, so far as 
the experinlents go, it seems probable that, with both 
lmia anù 
Lepidosteus, there occurs an inhalation as .well as exbalation of air at 
pretty regular intervals, the whole process resembling that of th.e 
1,fenobranchus and other salamanders, and the tad poles, \vhich, as the 
gills shrink ana the lungs increase, COIue lllore frequently to the sur- 
. face for air. 
But the reader Inay say: "These fishes have gills, of course; but 
have they also lungs?" To this the answer is both yes and no; for 
there are at least two different ways of interpreting certain facts; 
and SOlne definitions are not as yet wholly agreed upon. 


FIG. 6.-CROSS-SECTION OF THE AIR-BLADDER OF L 08seU8, ONE-HALF NATURAL DIAMETER. 
The central (
pen space is the median channel; on each side is seen one of the numerous Rub(ti. 
vi
ions of the lateral portions of the air-bladder. Above are the median aorta and the two 
Jateral veins, as in E'ig. 3. 


Tho facts are as folluws: the Lepiclosteus and Anda, lik
 many 
other fishes, have an air-blaclder-a sac lying under the spine and 
above the alimentary canal, and communicating by a slit-like orifice 
with the upper Ride of the throat. 'Vith sturgeons and catfishes ana 
most comnlon fishes, the sac is nearly or quite simple, and the C0111- 
munication with the throat may be very uarro'w or even closed Such 
fishes arc not known to s,vallow air, and there is need of further info 1'- 
nuttion as to the composition and source of the contained gas. But 
the air-bladder of AJJÛa and Lepidosteus is divided into many cells, 
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sû as to reseluùle 3. frog's lungs; and the" aIls and partitions of these 
cdh
 have Inany blood-vesbt'ls. The
e air-Lladders are, in fact, lllorc 
cellular an1 lllore \":ls('ular tlWll the lungs of ..i..1Ienob'}"anchus, or the 
hinùer alHllarger portion oi the lungs of 
erpcnts. And, in the ]ight 
of the OÙ:-'l'n'ations already re
ordeù, there SCém.s good reason for be- 
lic\'iUlr that I Jure air is inhaled and vitiated air exhaled 'whenever the 
o 
fish rises to the surface. 
It is worth noting, also, that both .LinlÏa and Lepidosteus are very 
tenaciûus of life, anù endure reuloval frolH the water for a tinlc much 
ùeU('r than ao the sturgeons, whose air-bladders are neither ('ellniar 
nor vascular. The latter, also, are hottolll-fceders, while the gars seem 
to keep near the surface of the 'water. 
'YLy, then, arc not these air-bladders lung
 ? 
The rnost obvious ohjection is, that their openings are into the 
upppr or dorsal side of the throat, while tbe glottis of hatracl1ians, 
n'ptiles, Linls, quadrupeds, and ourselves, cOlumunicates 'with the 
lower or ventral side. 
This oLjection Juay be n1et in two .ways. In the first place, if al- 
lowed, "e bhonld have to achnit that all the so-called air-breathing 
yertcLrates have organs (the lungs) which have no r<>presentath'e in 
the fishes, and that most of the latter have an organ (the air-bl::n:1- 
del') which has no representative in the fornler. 
It is true that SOlne fishes have no air-1)ladder; but with some, as 
..ell lplt .oxus, the lamprey-eels, the sharks/ and the skates, we may in- 
fer that it has not yet beconle developed; while ,vith others, as the 
flat ti
he
, the air-bladeler may bave ùcen lost through what nlay be 
cal1e<1 a local retrogr:1de luetamorplJosis. 
It is importaJlt to note, also, that an air-bladder and lungs have 
nevt!r heen found in one and the same animal; and since anus, front- 
legs, flippers, and "Til1g
, are all regarded as modifications of the sanIe 
organs, anterior lim hs; and since, in many other cases, organs of 
very different size, form, compl(\xity, and function, are consideretl as 
honlologous, we ",hall be follo,ving- precedent in admitting a ,villing- 
ncfo.\S to regard air-bladders and lungs as modifications of the saIne 
organ. ' 
Rut the true argulnent against the objection is derived frOlll the 
e
istl'nce of transition forms, or links, between air-bladders and lungs, 
as to tht! position of the organs themselves, and their communications 
with the alimentary cnnal. 
"'Y"ith .Lll1liq, and Lepidosteus the :11I'-1)ladder and the opening of 
the duct are both dor
n1. With the Brazilian fish called Erytlwinus 
(a
 first stated hy Johannes 
Inner, and lately verified by the \\9riter), 
the du(.t c,pen8 upon one side of the thro:1t. In the lately-discov- 
ered Ccrotot/lls of Anstralin, as described hy Günther, the sac and duct 
arc singlC', but the fcrm('r is vascular, and the latter enters at tbe lcft 
J )faclay has figured 8 rudimentary air-bladder in certain sho.rk.embryos. 
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of the ventral surface. . "....ith two African Ganoids, Polypterus and 
Oalcunoichthys (as also 8tated by 
Iüller, anJ verified by the writer as 
to the latter (J-cnus ) the sac is double, and cOlnlllunicates with the ven- 

 
tral side in the llledian line; but it i
 slightly cellular, as in ..l.lIeno- 
branckus. 
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FIG. 7.-DUGRAMS REPRESENTING THE CONNECTION BETWE":"N THE Am-BLADDER OR LUNG AND 
THE ALDiENTARY CANAL IN CERTAIN VERTEBRATE:5. 
Al, the alimentary canal. A. the 'lir-blarlder. AD, the air-dnct. 
'l'hc fi!lll"eH at th
 ri
ht show U1L' :tli nentary canal and aÌ1'-bhddcr from the left side; those at the 
left represent Cl'O!':A-spctioli..; mnre or les
 foreshortl:'ned in some caEe
. 
A A' represcnt the simple condition-connections of the air-bladder in the sturgeons (Acipen- 
ser) find in most Tcl<.'o:;;ts whel'e the air duct remnins open. B B' represent the arrange- 
ment in Amia and Ltpido.
te1t.o?, \\ here the duct opens upon the òorsal siòe of the throat, but 
the blllddel' i!ÒI more or le!"
 ce])ular. The hinder end of the bladder is left ouen to indicate its 
,g-reat length in Lepido8tew:. In C C' it.!- shown the arrangement in ErythriÎlU8. The bladder 
is still upon the dor
al side, hut the front part is separated from the hinder two-thirds by a 
constriction, and the long- duct passes f,rwarù from just hehind the constriction to enter the 
left side of the throat. There ar<.' fibrou!;\ partitions in part of the bladder. hut I do not know 
th
t they arp vascular. The condition in Ceratodu8 is shown at G,' the bladder is single but 
vascular. Rnd the duct opens on the ventral side, but not in the middle line, 
In the remllinin
 fizures the air-duel opens orJ the lower or ventral surface of the throat, and 
the nil'-bladaer is in two parts, which unite at the duct, but separate backward and lie 
upon the sides of the stomach, or even to Elome extent npon its dorsal surface next the back- 
bone. In the side-views only the left sac is seen; in the cr088-sectiOlJ8 the whole is fore- 
Elhortencd so as to brin
 it into one plane. In Po'ypteru8 :md Calamoichthys t.he inner surface 
of the sacs is nearly smooth, but in Lepidnsiren, ai'l in the salamanrh"rs: it is more or IC8S 
f(?lded an't vascular, and is also connected with t.he heart bv special ves
els. In the reptiles, 
ÒIrds, and mammals;the duct or trachea soon divide
 into the two bronchial tubes. 


D. P07?1}Jt
ruS. Calamoichthys. 


E. Lepidosiren, Protoptc'J"us. 


F. Reptiles, birds, mammals. 


Final1y, in the" n1ud-fishcs " of ....\..fl'ica and South America (Pro- 
tJpter'us and Lepidosiren) the duet is verltral, and the air-bladder is a 
double ana lung-like sac with stiff ,valls. 
This series seems to connect the air-bladder of the fi
hes with the 
lungs of the true aërial vertebrates, ana to remove the objection 
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based upon the different position of the communication bet,veen theln 
and the aJimentarr canal. l 
But another and perhaps more weighty objection has heen urged 
hy Prof: IIllxley. fIe :says: "But such air - sacs are air - bladder
 
and not lllng
, be('au
e they receive their blood froln the acljacent 
arterie
 of the body, and not direct from- the heart, while their 
efferent vessels are connected only with the veins of the general cir- 
culation." 
According to this vie"
, therefore, the Dipnoans (Protopterus and 
L(pidosiren) have lungs, because the blood goes to the air-sacs by a 
puhnonary artery, and returns by a pulnlonary vein into a left auricle; 
.while the cellular and vascular air-bladders of AuÛa and Lepidosteus 
are not lungs, because such an arrangement does not exist. 
Yet Prof. IIuxley applies the n31ne placenta to the vascular inter- 
digitations by which the young of some bhar1..s are connected with the 
mother, although they are developed from the yolk and not, as in 
Illamnlals, frolll the chorion. It would Le interesting to kno,v whether 
the nerves of the air-bladder are the salne as those of the lungs. 
The best te
t of the naturalness of the definition would be fur- 
nished hy t})e discovery of some forn1 having the puhnonary vessels 
connected with an air-bladder lying upon the dorsal side of. tIle ali- 
lIlentary canal. l\Ieantime, since all are agreed upon the facts, the 
quc
tion concerns interpretations and definitions. 
'Yhcther or not the air-bladùer of the gar-pike is entitled to the 
name of lung, ,ve mar admit that it corresponds ,,
ith a lung in its 
essential connection with the alimentary canal, and apparently in its 
function as an organ for aiding the oxygenation of the blood. 


. . . 


1\IESMERISM, ODYLIS
I, TARLE-T"GRNING, AND 
SPIRITU....
LIS}I.2 


By WILLIAM: B. CARFEXTER, C. B., M. D., LL. D., F. R. S. 


I. 
T IlE aphorism that" history repeats itself" is in no ease more true 
than in regard to the suhject on .which I an1 now to address you. 
J'or there has büen a continuity from the very earliest times of a he- 
lit.t
 more or less general, in the existence of" occult" agencies, capable 
of manifesting themselves in the production of mysterious }lhenomena, 
1 In fact, con:-:idering tlH' resemblance of the brains and enameled scales of Llpidosteus 
and Pol!Jplcl'U8, and the differences of their air-bladders and ducts, one is inclined to re- 
gard the latter as of slight taxonomic importanC'e. 
!l This dbcussion, in ""hich the subjects are consiùered historically and scientifically, 
is an cxpan::;ion of the .lecture:' delivered at the London Institution. 
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of which ordinary experience does not furnish the ratlonale. And 
w.hile this very continuity is Inaiutained by sonle to be an evidence of 
the real existence of such agencies, it ,vill be my purpose to show you 
that it proves nothing more than the wide-spread- diftù:Úon, alike anlong 
n1Ïnds of the highest and of the lowest culture, of certain tendencics to 
thought, ,vhich have either created idealtnarvels l}ossessing no foun- 
dation whatever in fact, or have by exaggeration and di
tortion in- 
vested with a preternatural character occurrences which are perfectly 
capahle of a natural explanation. Thus, to go no further 1):lck than 
the first century of the Christian era, we find the most ,vonderful nar- 
rations, alike in the writings of pagan and Christian bistorians, of the 
doings of the Eastern" sorcerers" and Jewish" exorcists" .who had 
spread thenlselvel5 over the Roman Empire. Anlong these tbe Sinlon 

Iagus sligbtly nlentioned in the book of Acts ,vas one of the most 
conspicuous, being recorded to have gained so great a repute for his 
"lnagic arts" as to have been summoned to Ronle by Nero to exhibit 
them before him; and a Christian father g?es on to ten how, .when 
Simon ,vas borne aloft through the air in a ,vingecl chariot in the sight 
of the emperor, the united prayers of the apostles Peter and Paul, pre- 
vailing over the demoniacal agencies that sustained bim, brought him 
precipitately to the ground. In our own day, not only are we seri- 
ously assur
d by a nobleman of high scientific attainlnents that he 
hinlself saw 1\11'. Home sailing in the air, by moonlight, out of one 
window and in at another, at a height of seventy feet from the ground; 
but eleven persons unite in declaring that 1\lrs. Guppy was not only 
conveyed through the air in a trance all the way from Highbury.Park 
to Lamb's Conduit Street, but ,vas brought by invisible agency into a 
room of which the ùoors and ,vindows were closed and fastened, com- 
ing " plump down" in a state of complete unconsciousness and partial 
deshabiUe upon a table, round which they ,vere sitting in tbe dark, 
shoulder to shoulder. 
. Of course, if yon accept the testimony of tbese witnesses to the 
aërial flights of 
Ir. Home and 1\lrs. Guppy, you can have no reason 
,vhatever for refusing- credit to the historic evidence of the den10niacal 
elevation of SÍlnon 1\Iagus, and the victory 0 htained over his den10ns 
by the two apostles. And you are still 1110re bound to accept the 
solemnly-attested proofs recorded in the proceedings of our law conrts 
within the last two hundred )?ears, of the aërial t
'ansport of witches 
to attend their dClnoniacal fcstivities; the belief in witchcrnft being 
th.en accepted not only by the ignorant vulgar, but hý some of the 
WiSCst men of the tirne, suc]) as Lord Bacon and Sir l\latthew I-Iale" 
Bishop J {-'weB, Ric1)ard Baxter, Sir Thonlas Bro,vne, and Addison, 
while the denial of it was considercd as virtual atheism. 
The general progress of ration:;t1isln, ho","e,.cr, as. 1\11'. Lecky has 
well shown, 11as changed all this; and to accept any of tl)ese lnar\?els 
we must place ourselves in the Juental attitude of tbe narrator of 1\lrs. 
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Guppy's flight, who glories in being so completely unfettered hy 
scicntific pr(>judices as to be free to s,,'allo,v anytbing, howeyer pre- 
posterolls and impossible in the estimation of scientific men, that his 
belief ill " spiritual" agencies Ilia}"' lead him to eXl)ect as }u'obable. 
If time permitted, it would be lilY endeavor to sl
o'v you, by an his- 
torical exaillination of these marvels, tbat tbere has been a long 8UC- 
cc!:'sion of epidemic delusions, the form of which l1as changed froJn 
tinle to tÏIlle, ,,,bile their essential nature has remained the same 
throuO'hout. and tbat the condition wbich underlies them all is tlw 
o , 
subject ion oj' tIle uând to a donÛnant idea. There is a constitutional 
tendency in many minds to be seized by some strange notion ,,-hich 
takes entire possession of them; so that all the actions of tbe individ- 
ual thus" pObsessed " are results of its operation. This notion may 
be of a nature purely intellectual, or it may be one t11at strongly inter- 
ests the feelings. It may be confined to a small gr,oup of individuals, 
or it may spread through vast multitudes. Such delusions are nlost 
tyrannous and most HallIe to spread ,,'ben connected ,,
ith religious 
enthusiasm: as we see in tbe dancing and flagellant manias of the 
lniddle ages; tbe supposed demoniacal possession that afterward be- 
caIne conlnlon in the nunneries of France and Gernlany; the ecstatic 
revelations of Catholic and Protestant visionaries; the strange per- 
formances of the Convulsionnaires of St.-)Iédard, which have been 
fÏnce almof't paralleled at l\Iethodist " revivals" and camp-meetings; 
the preaching epidemic of I...utheran S\veden, and many other out- 
breaks of a nature more or less similar. But it is cI1aracteristic of 
some of the later forms of these epidemic delusions that they have 
connected themselves rather with science than ".ith religion. In fact, 
just as the performances of Eastern magi took the strongest hold of 
the Roman rnind ,yhen its faith in its old religious beliefs was shaken 
.. 
to its foundations, so did the grandiose pretensions of 
Iesmer-who 
claimed the discovery of a new force in Nature, as universal as gravi- 
tation, awl more mysterious in its effects than electricity and nUtgnet- 
ism-find tIle most rèady,velcolne among skeptical votaries or-novelty 
'who paved the way for the 
rench Jlevolution ; and this pseudo-scien- 
tific idea gave the general direction to the aòctrines tanght by J\Ies- 
mer's successors, until, in the supposed "spiritualistic" nlanifestations, 
a recurrence to the religious form took place, '"hich, I think, lTIay be 
mainly traced to the emotional longing for sonle assurance of the con- 
tinued existence of departed friends, and hence of our O'WI1 future ex- 
istence, whieH the intellectual loosening of tinle-honored beliefs as to 
the inlmortality of the sonl has brought into doubt ,vith nlany. 
I TIlust limit nly
elf, however, to this later phase of the history, and 
f'halI endl'3,YOr to show you ho\v completely the extravagant ])reten- 
sions of mesnlcrism and ody1i
nl have been disproved by scientific in- 
yestigation; all that i
 genuine in their }Jhenomena 11aving been ac- 
counted for by well-asccrtained physiological principles; wbile the 
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evidence of their higher llutrvels has invariably broken do,vn 'when 
subn1Ïtteù to the se3.rching tests inlposed by the trained experts whonl 
I nlailltain to be alone qualified to pronounce judgment upon the 
lllatter. " 
K othino- is more common than to hear it asserted that these are 

 
subjects which any person of ordinary intelligellc
 can investigate for 
hiulself: But the chemist and the physicist .would most assuredly 
delnur to any such assumption in regard to a chemical or physical 
inquiry; the physiologist and geologist ,vould make tbe same protest 
against the judgment of unskilled persons in questions of physiology 
and geology; and a study of mesmerisln, oclylisnl, and spiritualism, 
extending over more than forty years, nlay be thought to justify me 
in contending that a knowledge of the physiology and pathology of 
the hunlan n1Ïlld, of its extraordinary tendency to self-deception in re- 
garù to matters in which its feelings are interested, of its liability to 
place undue confidence in persons having an interest in deceiving, and 
of the modes in which fallacies are best to l?e detected and frauds ex- 
posed, is an indispensable qualification both for the discrinlination of 
the genuine from the false, and for the reduction of the genuine to its 
true shape and proportions. 
And I further hold, not only that it is quite legitimate for the in- 
quirer to enter upon this study with that " prepo
session " in favor of 
the ascertained and universally ad.mitted laws of Nature w}lich believ- 
ers in spiritualislTI make it a reproach against nlen of science that they 
entertain, but also that experÍence proves that a prepossession in favor 
of sonle " occult" agency is almost sure to lead the investigator to the 
too ready acceptance of evidence of its operation. I ,yo,lld be the last 
to affirm that there is not" much more in heaven and earth than is 
known to our philosophy;" and ,vould be alnong the first to ,vclcome 
_ any aildition to our real knowledge of the great agencies of Nature. 
But n1Y contention is, that no ne\\"'. principle of action has any clainl 
to scientific acceptance, save upon evidence as complete and satisfac- 
tory as that \vhich would be required in any other scientific investi- 
gation. . 
The recent history of 1\11'. Crookes's 1110st adlnirable invention, the 
rac1iometer, is pregnant with lessons on this point. When this was 
first exhiùitecl to the admiring gaze of the large body of scientific 
men assembled at the soÙ.ée of the Royal Society, there was })robably 
no one .who was not ready to believe w"ith its inyentor that the driving 
round of its vanes was effected by light,. and the eminent physicists 
in whose judgnlent the greatest confidence was placed, seemed to have 
no doubt that this mechanical agency was something outside optics 
proper] y so called, and ,,-as, in fact, Ìf not a nc,v force in N atnre, a new 
'1nodus operandi of a force previously known nnder another form. 
There ,vas hpre, then, a perfect readiness to admit a novelty which 
seemed so unmistakably demonstrated, though transcending nIl previ- 
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ous experience. But after some litt Ie tinle the question was raised 
whether the effect was not really due to action of hea.t upon the 
attenuaip<l vapor of which it 'wa
 impossible entirely to get rid; and 
the r(''-111t of a Illost careful :\nd elaborate experinlêntal inquiry, in 
which "Sature ha
 been put to the question in every conceivable mode, 
has heen to make it, I believe, almost if not quite certain that the first 
view was incorrect, and that heat is the real nloving power, acting 
under peculiar conditions, but in no new rllode. 
X 0 examination of the phenomena of spiritualism can give the least 
satisfaction to the n1Ïnd trained in l)hilosophical habits of thought, 
unlc

 it shall ha\re been, in its way, as searching and complete as this. 
.And \\ hen scicntific DleD are invited to dark séances, or admitted only 
under the condition that they shall merely look on and not inquire 
too clo
c1y, they feel that the matter is one with ,vhioh they are cn- 
tireJy precluded froll1 dealing. ,,-rhen, again,- having seen .what ap- 
pears to thenl to present the character of a very transparent conjuring 
trick, they ask for a repetition of it under test-conditions admitted to 
be fnir, their usual experience is that they wait in vain (for hours it 
n1ay l)e) for such repetition, and are then told that they have brought 
an "atlunsphere of increduJity " ,vith them, which prevents tIle mani- 
festation. :K ow, I by no means affirm that the claims of spiritunlisnl 
are disproved l>y these failures; but I do contend tllat, until the evi- 
dence ad "anced by believers in those claims has stood the test of the 
8ame sifting and cross-exanlination by skeptical experts that 'would 
be ap'plied in the C:lf;e of any other scientific inquiry, it bas no claim 
npon general acceptance; and I shall now proceed to justify tbat con- 
tention hy an appeal to the history of previous inquiries of tbe like 
kind. 
It 'Ya
 a1)out the year 1772 tllat l\Iesn1er, 'who had previ
u
ly pub- 
lishecl a (lissertation " On the Influence of the Planets on the Hunlan 
Body," announced hi
 discovery of a universal fluid, " the inlnlediate 
agent of an the l>henomena of K ature, in w'hich life originates, and by 
'which it is preserveù;" and assertE:'d that he had further disco,-erecl 
the power of regulating, the operations of this fluid, to guide its cur- 
rent
 in }walthy channel
, ancl to obliterate by its means the tracks of 
di:-.ea
e. This power he in the first instanc(' })rofessed to guide by the 
uc;e of magnt.ts; but having qluu're]('d .with Father IIell, a Professor 
of A:--tronomy at \Til'nna, ,,?ho had furnished him with the maO"nets 
. . I::) 
wlth \\?}nch he made his experiment s, and 1\'"ho then claÏ1nec1 the dis- 
coypry of .their curative agency, 
Ie
mer went on to assert that he 
conlfl eon<,entrate t)JC power in and liberate it from any substance he 
ple:l
pd, coula charge jars )vith it (as with electricity) and discharge 
t hem at hi
 pl('a
url', ana could cure by its lneans the most intractable 
ai...(l3,:-.cs. Ilaying Cl'eatea a great sensation in Bavaria and Switzer- 
Ian<l by his mysterious manipulations, and by the novel eflects ,vhich 
they often pr()(luced, )!csluer returned to Vienna and undertook to Cllre 
, 
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of complete blindness a celebrated singer, 1\Iademoiselle Paradis, who 
had been for ten years unsuccessfully treated by the court physician. 
His claim to a partial success, bowever, which was in the first instance 
supported by his patient, seemed to have been after,vard so completely 
disproved by careful trials of her visual powers, that he found hilllself 
obliged to quit Vienna abruptly, and th
nce proceeded to Paris, where 
he soon produced a great sensation. The state of French society at 
that time, as I have already remarked, ."ras pecu1iarly favorable to llis 
pretensions. A feverish excitability prevailed, which cansed the pub- 
lic mind to be violently agitated by every question which it took up. 
And }lesll1er soon found it advantageous to challenge the learned 
societies of the capital to enter the lists against him; the storm of op- 
position which he thus provoked baving the effect of bringing over 
to his side a large number of devoted disciples and ardent partisan
. 
He professed to distribute the magnetic fluid to his congregated pa- 
tients from a baquet or magnetic tub wbich be had impregnated 'with 
it, each individual holding a rod which procee
led from tbe baquet j 
but when the case 'was particularly interesting, or likely to be par- 
ticularly profitable, he took it in hand for personal magnetization. 
All the surroundings were such as to favor, in the hysterical subjects 
\vho constituted the great bulk of his patients, tbe nervous paroxysm 
tenlled the" crisis," which 'was at once recognized by medical men as 
on] y a 1l10c1ified form of \vhat is commonly known as an " hysteric fit;'
 
the influence of the imitative tendency being manifested as it is in 
cases where such fits run through a school, nunnery, factory, or revi- 
valist-meeting, in which a number of suitable subjects are collected 
together. And it was chiefly on account of the moral disorders to 
,vhich l\Iesmer's proceedings seemed likely to give rise that the French 
Governnlent directed a scientific conlmission, including the most emi- 
nent savants of the time-such as Lavoisier, Bailly, and Benjamin 
:Franklin-to inquire into them. After careful investigation they came 
to the conclusion that there was no evidence whatever of any special 
agency proceeding from the baq'llet j for not only were they unable to 
detect the passage of any influence from it that was appreciable, either 
by electric, magnetic, or chemical tests, or by tbe evidence of any of 
their senses; but, on blindfolding those who seenled to be most sus- 
ceptible to its supposed influence, all its ordinary effects were pro- 
duced ,vhen they were ,vithout any connection ,vith it, but believed 
that it existed. And so, ,vhen in a garden of which certain trees had 
been magnetized, the patients, either \vhen blindfolded, or ,,
hen igno- 

ant which trees had been magnetized, would be thrown into a convul- 
sive fit if the y believed then1selves to be near a maO'netized tree but 
o , 
were really at.a distance from it; while, conversely, 110 effect ,vould fol- 
low their close proximity to one of these trees when they beli{1ved them- 
selves to be at a distance from any of them. Further, the commissioners 
reported that, although some cures might be \vrought by the mesmeric 
VOL. XI.-2 
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trcatnlent, it was not 'without danger, since the convulsions excited 
'were often violent and exceedingly apt to spread, especially anlong 
men feeble in body and weak in n1Ïnd, and a1lnost universally among 
\VOnlCn; awl they dwelt strongly also on the moral dangers which, a
 
their inquiries showed, attended these practices. 
X ow, this report, although referring to a form of mesmeric pro- 
cedurc which has long since passed into disrepute, really deals with 
what I hold to be an ÎInportant principle of action, 'which, lung vague- 
ly recognized under the term" inlagillation," now takes a definite 
rank in physiological science ;, namely, that in individuals of that ex- 
citabl{' ncrvous temperament which is kno,,-n as " hysterical" (a tem- 
per
lInl'llt by no means confined to women, but rare in healthy and 
vigorotls men), the expectation of a certain result is often sufficient to 
evuke it. Of the influence of this" expectancy" in producing n10st 
relnarkable changes in the bodily organism, either curative or morbid, 
the hißtory of medicine affords abundant and varied illustrations; and 
I shall presently sho\v you that it operates no less remarkably in call- 
ing forth movements which, not being consciously directed by the 
person who executes thern, have been attributed to hypothetical occult 
agencies. 
I shall not trace the further history of 
Iesmer, or of the system 
advocated by himself; contenting myself 'with one ludicrous exan1ple 
of the absurdity of hi
 pretensions. 'Vhen asked in hi,s old age by one 
of his di
ciples why he ordered his patients to bathe in river-,vater in 
preference to well-'water, he replied that it was because river-water is 
expo
ed to the sun's rays; and 'when further asked how these affected 
it in any other way than by the warn1th they excited, he replied, 
" Dear doctor, the reason why all wuter exposed to the rays of the 
sun is superior to all other ,vater is because it is magnetized-since 
twenty years ago I 'Jnagnetized tIle sun!" 
In the hands of some of his pupils, howeyer, animal n1agnetism, or 
:\Iesmerism (as it gradually came to be general1y called), a
sumed an 
entirely new developlnent. It was discovered by the 1\Iarquis de Puy- 
segnr, a great landed proprietor, who appears to have practised the 
art most disinterestedly fòr the sole benefit of his tenantry and poor 
neighbors, that a 
tate of profound insen
ibility nlight be induced by 
very sin1ple m
tJJOds in some individuals, and a state akin to sonlnam- 
lnllism in others; and this discovery "Y3S taken up and brought into 
vogue by numerous mesnlerizers in France and Germany, wl}Ï1e, dur- 
in
 the 10ng,Continental war, and for some time afterward, It remained 
almost unknown in England. Attention seems to haye been first 
drawn to it in this country by the publication of the account of a 
severe operation perforuled in 1829, hy 1\1. Cloquet, one of the most 
eminent surgeons of Paris, 011 a female patient "yho had been thrown 
by mesmerisnl into the state of somn:unhulislTI; in "yhich, though able 
to converse with those around her, she sho\ved herself entirely insen- 



MESjIERIS.JI, ODlrLIS,JI, TABLE-TUR.J..VI.L'
G, ETC. 19 


sible to pai.n, 'while of all that took place in it she had subseqnently 
no recollection ,vhatever. ..About t,velve years afterward, two alnpu- 
tations were perfonueù in our o\vn country-one in N ottinghanlshire, 
and the other in Leiccstershire-upon mesnlcrizeù patients, ,vho showed 
no other sign of consciousness than an ahnost inaudil>le llloauing; 
both of thelll exhibiting an uninterrupted placidity of countenance, 
and declaring, ,vhen brought back to their ordinary state, that they 
were utterly unaware of what had. been done to them during their 
sleep. And not long afterward Dr. E::,Jailc, a surgeon in Calcutta, 
gave details of numerous Ino
t seve"re and tedious operations per- 
formed by hiIn, ,vithout the infliction of pain, upon natives in whom 
he had ÍIH] uccù the nlesmeric sleep-the rank of presidency surgeon 
1Jeing conferred upon him by Lord Dalhousie (then Governor-General 
of India), "in ackno,v ledgluent of the services he haù rendered to 
humanity." The results oî minor experiments perfornlcd by various 
persons, desirous of testing the reality of this state, were quite in har- 
lllony ,vith these. 'Vriting in 1845, Dr. Koble, of 
lanchester (with 
,vhom I ,yas early brought into association by Sir John Forbes in the 
pursuit of this inquiry), said: 
" We have seen a needle thrust deeply under the nail of a woman sleeping 
mesmericalIy, without its exciting a quiver; we have seen pungent snuff in large 
quantities passed up the nostrils under the same circulllstances, without any 
sneezing being produced until the patient was roused, many minutes afterward; 
we ha.ve noticed an inullunity from all shock when percussion-caps have been 
-discharged suddenly and loudly close to the ear; anù we have observed a pa- 
tient's little-finger in the fhune of a candle, and yet no indicntion of pain. In 
tbis latter case all idea of there llaving been courageous dissimulation was re- 
moved from our n1ind in seeing the same patient afterward evince both surprise 
and indignation at the treatment received; as, from particular circumstances, a 
substantial inconvenience was to result from tbe injury to the finger, which was 
by no means slight." 1 


This" Inesmeric sleep" corresponds precisely in cl)3racter ,yith 
,,,hat is known in 111eclicillc as "hysteric coma;" the insensibility 
being as profound, while it lasts, as in the coma of narcotic poisoning 
or pressure on the brain; but coo1ing on and passing off with such 
sudùenncss as to show that it is dependent upon some transient con- 
dition of the sensoriun1, which, ,vith our present kno,vledge, ,ve can 
prctty certainly 3t;sign to a reduction in the supply of blood caused 
by a sort of spasn10c1ic contraction of the blood-ves
els. That there 
is no adequate ground for regarding it as otherwise than r(Jal, appears 
further froln the disco\
ery TIlade not long afterward 1>y)lr. Braid, a 
surgeon practising at 
Ianchester, that be could induce it l>y a very 
simple lllcthoù, which is not only even Inore effective than the "passes" 
of the mesnlerizer, but is, lTIOreOVer, quite independent of any other 
,vill than that of the person "Tho subjects himself to it. lIe found that 
) B1'itish and Foreign .JIedical Review, April, 1845". 
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this state (,,
hich he designated as hypnotism) could be induced 'in a 
large proportion of illdi\'iduals of pither sex, and of all ranks, ages, 
and telnperan1(
nt
, w.ho determinate1y fix their gaze for several minutes 
consecuth'ely on an ohject brought so near to their eyeH as to require 
a degree of convergence of their axes that is n1aintainable only by a 
::-trong effort. l 
The first state thus induced is usqally one of profound comatose 

leep; tbe "subject" not being capable of being roused by sensory 
impressions of any ordinary kind, and bearing .without the least indi- 
cation of consciou
uess ,vhat would ordinarily produce intoler'lble Ull- 
easiness or even '3e\'ere pain. But, after some little tilDe, this state 
yery conlnloll]Y pa
ses into one of sOlunambulisln, ,vhich again corre- 

polld
 closely on the one hand with natural, and on the other ,vith 
l1usmeric, sOlllnambulism. In fact, it has been by the ::;tudy of the 
sornnambulisn1 artificially induced by 1\11'. Braid's process that the 
es::,ential nature of this condition JU1S been elucidated, and that a 
scientific 'rationule call no,v be given of a large proportion of tbe 
phenomena reported by mesnlerizers as having been presented by 
their somnambules. 
'It has been clainleù for certain mesmeric somnambules,l)o,vever, 
that they occasionally possess an intelligence altogether superhuman 
as to things present, past, and future, which has received the. designa- 
tion " lucidity;" arid it is contended that tbe testimony on "Thich we 
accept the reality of phenomena which are conformable to our scientific 
experience ought to satisfy us equally as to the genuineness of those 
designated as "the higl1er," which not only transcend but absolutely 
contradict ,,-hat the mass of enlightened men would regarù as univer- 
sal experience. This contention, however, seems to me to rest upon 
an entirely incorrect appreciation of the probative force of evidence; 
for, as J shall ('udeavor to })rove to you in nlY succeeding lecture, the 
only secnre basis for our belief on any subject is the confirnlation 
afforded to external testinlony by our sense of the inherent pröbability 
of the fact testifieJ to; so that, as has been well ren1arked, " eyidence 
tpnc1ered in SUI)port of w
at is new must correspond in strength with 
the degree of its incompatibility .with doctrines generally adnlitted as 
true; and, 'where statements obviously contravene all past èxperience 


1 Mr. Braid's peculiar success in inducing this state seemed to depend partly upon 
h
s mode of workin
 his method, and partly upon the "expectancy" of his subjects. 
Finding a bright ohject preferahle, he usually employed his silver lancet-case, which he 
held in the fir5t place at ordinary reading-distance, rather abovc the plane of the eyes; 
he then slowly approximated it toward the middle point, a little above the bridge of 
the no
e, keepin
 his own eyes steadily fixed upon those of his" subject," and watch- 
ing carefully the dir<>ction of their axe
. If he perceived their convergence to be at all 
relaxed. he withdrew the ohject until the axes were both again directed to it; and then 
a
ain approximated it as closely as was compatible with their continued convergencc. 
'Vhen thi:; could h
 maintained for a sufficient length of time upon an object at no more 
than ahout three inches' db:tance, the comatose state generally supervcned. 
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and the uni \'ersal conse
t of nlaukind, any evidence is inadequate to 
the proof, ,vhich is 110t conlplete, beyond suspicion, and absolutely in- 
capable of being explained away." 
Putting asitlc for the present the ùiscussion of these asserteJ nlar- 
vels, I shall try to set before you briefly the es::;ential characters ,vhich 
distinguish the state of somnambulism (whether natural or acquired) 
on the 011e hand from clrp-aming, anù on the other froln the ordinary 
,vaking condition. As in both these, the mind is in a state of activity; 
but, as in drealning, its activity is fre
 frOln that controlling power of 
the will by which it is directed in the waking state; and is also re- 
11l0ved frolll this last by the complete ignorance of all that has passecl 
in it, which is manifested by the" subject" ,vhen called back to his 
waking self, although the events of one access of this" second con- 
sciousness" may vividly present themselves in the next, as if they had 
happened only just before. Again, instead of all the senses being 
shut up, as in ordinary dreatning sleep, some of thetn are not only 
awake, but preternaturally ilnpressible ; so th,at the course of the som- 
nambulist's thought may be completely directed by suggestions of any 
kind that can be con veyed from ,vithout through the sense-channels 
\vhich still remain open. But, further, while the mind of the ordinary 
drealner can no more produce lllovements in his body than his inl- 
pressions on sense-organs can affect his mind, that of the s0111nambulist 
retains full direction of his body (in so far, at least, as his senses serve 
to guide its nlovements); so that he acts his dreauls as if they were 
his ,vaking thoughts. The luesmerizec1 or hypnotized sOlnn:llnbule 
may, in fact, be characterized as a conscious ctutoJJl,aton, which, by 
appropriate suggestions, may be nlade to think, feel, say, or do, almost 
anything that its director wills it to think, feel, say, or do; with this 
remarkable peculiarity, that its ,vhole power seems concentrated upon 
the state of activity in which it is at each mOlnent, so that every 
faculty it is capable of exerting may bccolne extraordinarily intensified. 
Thus, while vision is usually suspended, the senses of hearing, snlell, 
and touch, ,vith the muscular sense, are often preternaturally acute, 
in consequence, it would seem, of the undistracted concentration of 
the attention on their indications. I could give you many curious in- 
stances of this, which I have myself witnessed, as also of the great ex- 
ertion of muscular power by subjects of extremely feeble physique j 
but as they are all obviously referable to this one simple principle, I 
need not dwell on their details, preferring to narrate one which I did 
not myself witness, but whicll was reported to me on nlost trustworthy 
anthority, of a remarkable manifestation of a po,ver of imitative vocal- 
ization that is ordinarily attainable only after long practice. When 
Jenny Lind "Tas singing at 1\lanchester, she 'was inyited by 1\11'. Braid 
to hear the perforlnances of one of his hypnotized subjects, an illiterate 
factory-girl, who had an excellent voice and ear, but ,vhose musical 
powers had received scarcely any cultivation. This girl, in the hyp- 
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notic state, followed the Swedish nightingale's songs in different lan- 
guages both instantaneously and correctly; and 'when, in order to test 
her powefs;J\Iademoiselle Lind extemporized a long and ehlborate chro- 
matic exercise, she imitated this .with no less I)recision, though unable 
in her waking state even to attempt anything of the sort. Now', I wi
h 
you to compare this case ,vith another, which "'as reported about the 
8:11110 titue upon what scenled equally unexceptionable testinlony. 
'Vhen )[is,;; l\Iartineau first avow'cd her conversion to mesmerism, the 
extraordinary perfornutnces of her seryaJ}t J- were much talked of; 
and, among other marvels, it wás as
ertecl that she could conyerse, 
,vhen in her me
meric state, in languages she had neyer learned, and. 
of which she knew' Ilotbiilg when awake-tbe particular fact being ex- 
plicitly stated. that Lord )Iorpeth had tested this pow'cr and had found 
it real. K ow, you will readily perceive that, FU}ìposing the testimony 
in these t,vo cases to have been exactly the sallIe, its l}robative force 
,yoldtl ha \ye been very different. For the first of them, though unpre- 
cedented, presented no scientific inlprobability to those "])0 were pre- 
pared, by théir careful study of the phe
omena of })ypnotisn), to be- 
lieve that the po.wer of Ï1nitatiye yocalization, like nny other, might 
be intensified hy tl1e concentration of the" subject's" whole attention 
upon the perfornlance. But it seetned inconceivable that an unedu- 
cated serva.nt-girl could understand W}U1t 'was 
nid to bel' in a lan- 
guage she had never learned; stiH n10re, that she should be nble to 
reply in. the .same language. And the only pORsible explanation of 
the fact, 'iJ fact it was, short of a. miracle, may have lain either in her 
having learned the language long before and subsequently forgotten 
it, or in her being able by "thought-reading" (which is maintninec1 
by some, eyen at the present time, to be one of the attributes of the 
lllcsmeric state) to divine and express the answer expected by Lord 
)Iorpc>t11. But the marvel was entirely dissipated by the inquiries of 
Dr. Koble, ,,
ho, being very c1csirous of getting at the exact truth, 
first applied for införmation to' a near relative of 1\1 iss l\Iartincau, and 
was told by llim that the report ","as not quite accurate; for, on 
Lord 
Iorpeth putting a .qu
stion to J- in a foreign language, 
.J - had replied appropriately in her o.wn vernacular. ITer compre- 
lwn!'ion of I
ord )!orpeth's quC'stion, bowever, appen.rC'd in -ît
elf suf- 
ciently strange to he 
uggcstiYe of some fn.l1acy; and having an op- 
portunity not long afterward of a!'king Lord l\lorpcth hÏ1nself 'what 
WfiS the real sÚlte of tIle ca!'e, Dr. K oùle learned from l1ÌlTI that ,,,hen 
he put a qnestion to .T- in a foreicrn Iancrnacre she in1Ìtated his 
o :-, ö 

peech after a fashion by n.n unnlC'aning artieulation of sound. 
On the lesson w"hich this case affords as to the credihility of t
sti- 
mony in regar<<1 to "rlUtt are calleel the "higl1er phenomena" of mes- 
Inerism. I 
hall enlfirge in mv succ(\C'c1in cr ]ectul'e and at ] )re
ent I 
oJ 
 , 
811a11 only rcnla
k that it "YfiS shown by careful con1pari80n between 
the phenomena-displayed 1)y the sanle indh'iànals, when" lTIesmerized" 
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in the ordinary ,vay, and "hypnotized" by JUr. Braid's process, that 
there was no other difference between the two states than that arising 
from the special rapport between the mesmerizer and his sulJject; and 
that this was clearly explicable by the" expectancy" under which the 
.., SUbjdCt" passed into the state of second consciousness. For 1\11'. 
Braid found himself able, by assuring his" subjects" during the in- 
duction of the COlna-, that they would hear the voice of one particular 
person and no other, to establish this rapport with any person he 
might choose; the case being strictly analogous to the awaking of the 
telegraph-clerk by the clicking of his needles, of the doctor by his 
night-bell, or of the mother by her infant's cry, though all would Eileep 
soundly through far louder noises to which they felt no call to attend. 
And thus, as was pointed out long since by Dr. Noble and myself, 
not only may the general reality of th
 Inesmeric somnambulism be 
fully admitted, but a scientific rationale may be found for its supposed 
distincti ve peculiarities, without the assun1ption of any special" mag- 
netic" or " n1esmeric " agency. 
It is affirmed, however, that proof of thÍs agency is furnished by 
the power of the" silent will" of the mesmerizer to induce the sleep 
in " subjects" who are not in the least a,vare that it is being exerted; 
and, further, to direct from a distance the actions of the somnambule. 
Doubtless, if satisfactory proof of this assertion could be furnished, it 
would go far to establish the clain1. But nothing is more difficult 
than to elilninate all sonrces of fal1acy in this matter. For ,,"hile it is 
admitted by l11esnlerizers that the belief that the influence is being ex- 
erted is quite sufficient in habitual somnambules to induce the result, 
it is equally certain that such" sensitives " are marvelously quick at 
guessing frOlll slight intimations ,vhat is expected to halJpen. And it 
has been repeatedly found that mesmerizers who had no hesitation in 
asserting tbat they could send particular" subjects" to sleep, or could 
3ffect thelll in other ways, by an effort of silent ,vill, have utterly failed 
to do so when these subjects "Tere carefully kept from any suspicion 
that such will ,vas being exerted. Thus, Dr. Noble has recorded the 
case of a friend of his own, ,vho, believing himself able thus to influence 
3 female servant whom he had repeatedly mesmerized, accepted with 
the full assurance of confident faith a proposal to make this experi- 
ment in Dr. Noble's house instead of his own. The girl, having been 
sent thither with a note, was told to sit down in Dr. Noble's consult- 
ing-room while the answer was being written; her chair being close 
to a partially-open door, on the other side of which her master, whom 
she supposed to be elsewhere, had previously taken up his position. 
Although this gentlenlan had usually found two or three minutes suf- 
ficient to send the girl to sleep when he \vns in his o,yn dra-wing-room 
and she was in the kitchen, the two being separated by intervening 
,valls and flooring, yet ,vhen he put forth his ,vhole force for a quarter 
of an hour ,vithin t\VO feet of her, with only a partially-closed door 
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between tbem, it was cntirély without result; and no other reason 
for tbe failure coulll be assigned than her entire freedom from expect- 
ancy. So,in another case, ill ,vhich 
lr. Leu'is (accounted one of the 
nlost powerful mesmerists of his time) undertook to direct the actions 
of hl:3 somnambulc in the next room, according to_a progr:1mnle agreed 
011 bctwecn himself and one set of ,vitncsses, ,vhile the actions actually 
performed were recorded and timed by another set, there ".as found 
to be so complete a discordance between the progran1me ""Tilled" 
and the actions really executed as cntirely to negati\Te the idea of 
any ùcpendence of the latter upon the directing })ower of the mes- 
merizer-the supposed relation having obviously grown up under the 
habitual repetition of a ccrtain succession of performances (such as I 
had mysclf frequently witnessed), which the somnambule supposed 
himself expected to go through in the same order. 1 A converse ex- 
perilnent, performed by Dr. Elliotson himself, s
tisfied him that ex- 
pectancy wouh.l take the place of ,vhat he maintained to be tIle real 
llleSlucric influence. flaying told one of his liabituées dlat he ,,'ould 
go into the next room and n1esmerize JIer through the door, he retired, 
bhut the door, perforn1ed no n1esllleric passes, but tried to forget her, 
walked away fronl.the door, busied hinlself with something else, and 
even 'walked into a third roon1; and, on returning in less tllan ten 
Ininutes, found the girl in her usual sleep-waking condition. The ex- 
tren1e 6u
ceptihility' of many of these "sensitive" suhjects furtller 
accounts for théir being affected (without any intentional c1<_ceit) by 
J}hysical . impressions ,vhich arc quite imperceptible to others: such 
as slight differences in temperature, wIlen two coins are presented to 
them, of 'which one has 'been beld in the hand of the n1esmeriz()r; or 
two wineglasses of wat
r, into one of ,vhich he bas dipped his finger 
for a f'hort tilne. But the belief that he has transmitted his influence 
in any mode is quite sufficient to })roduce the result, as wa
 shown in 
an amusing case recorded by 1\1. Bertrand, ,vho
e treatise on "Animal 
:.\Iagnetism" (Paris, -1826) is by far the most philoso])I1ical 'work ex- 
tant on the subject. Having oc('asion to go a journey of a hundred 
Ieagne
, leavinO' 'a female somnambule under the treatment of one of 
o .' 
his friends,:\1. Bertrand sent him a magnetized letter, ,,'llich he re- 
queHted hiln to place on the stomach of the patient, who had been led 
to anticipate the expected results-n1esmeric sleep, ,vith the custonlary 
phenomena, Rupervened. lie then wrote another letter \vhich he did 
not magnetize, and sent it to her in the same manner, and with the 
f'ame intimation. She again feU into the mesmeric sleep, which was 
attributed to the letter having been unintentionally iml)regnated 'by 
I Mr. Lewis wag challenged to this test-experiment, in consequence of his assertion 
that he had repeatedly induced the mesmeric sleep, and had directed tbe operations of 
his somnambules, hy the exertion of his" silent will," from a dbtance. His utter failure 
to produce either result, however, under the scrutiny of skeptical inquirers, obviously 
discredits all bis previous statements, except to such as are read)' to accept without 
question tbe slenderest evidence of tbe greateBt marvels. 
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I. Bertrand ,vith the mesmeric :fluid while he ,vas writing it. Desir- 
ing to test the matter still further, he caused one of his friends to 
write a sin1ilar letter, imitating his handwriting so closely that those 
w 110 receivet1 it should believe it to be his-the same effect was once 
Inore produced. 
AnJ so it was with the large number of experiments that "Tere 
made within my o,vn knowledge during the twenty years' attention 
that I gave to this subject, with a view to test the mesnlcrizer's power 
of inducing any of the phenomena of this state without the patient's 
consciousness. Successes, it is true, ,vere not unfrequent; but these 
almost invariably occurred ,vhen the experiments ,vere made under 
conditions to which the parties had become habituated, as in the case 
of Dr. Noble's friend. For his performances ,vere so continually being 
repeated to satisfy the curiosity of visitors, that Dr. Noble's call at 
his house ,vould have been sufficient to excite, on the part of the 
" subject," the expectancy that would have thro\vn her into the sleep. 
But when such expectancy was carefully gu,arded against, the result 
was so constantly negative as-I 'v ill not say to disprove the existence 
of any special ]nesmeric force, but to neutralize completely the affirm- 
ative value of the evidence adduced to prove it. For I think YOll must 
1l0'V agree with me that, if " expectancy" alone is competent to pro- 
duce the results, as admitted hy the most intelligent mesmerizers, 
nothing hut the most rigitl exclusion of such expectancy can afford 
the least ground for tbe assul!lption of any other agency. And nlY 
o,vn prolonged study of the subject further just.ifies TIle in taking the 
position that it is only when the inquiry is directed, and its results 
recorded, by skeptical experts, that such results have the least claim 
to scientific value. The disposition to overlook sources of fallacy, to 
Inagnify trivialities into marvels, to construct circumstantial myths 
-(as in the case of 1\Iiss l\1artineau's J- and Lord 1\Iorpeth) on the 
slightest founùation of fact, and to allo\v themsel,yes to be imposed 
upon by cunning cheats, has been so constantly exhibited by even 
the most honest believers in the" occult" power of mesnlerism, as, 
not only in my own opinion, but in that of my very able allies in this 
inquiry, to deprive the unconfirlued testimony of any number of such 
believers, "in regard to nlatters lying beyond scientific experience, of 
all claim to acceptance. In fact, the positions taken in regard to Ines- 
merism by my friend Dr. Noble, as far back as 1845/ and more fully 
developed by myself a few years later on the basis of 1\11'. Braid's ex- 
periments, and of my own physiological and psychological studies,
 
bave not only in our own judgment, but by the general verdict of the 
medical and scientific ,vorlcl, been fully cònfirmed by the subsequent 
course of events, the history of which I shall next proceed to sketch. 
-Fraser's Magazine. ' 
1 British and Foreign }'IedicaZ Review, vol. xix. 
2 "Principles of Human Physiology," fourth edit!on, 1853 ; and QUa1.te1"Zy Review, Oc- 
tober, 1853. 
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T HE renlains of the lofty arcades upon ,,,hich the aqueducts of 
ancient ltome were carried to the city have Leen justly classed 
:ullong the finest and most picturesque ruins of the Roman Enl}>ire. 
Stretching across the plain eastward of the city, and towering high 
abo\'e the landscape, they are the first oLjects to fix the gaze and 
command the admiration of th
 stranger approaching the home of 
the Cæsars, and to fill his mind with yisions of the strength and grand- 
eur of the nation which mastered the world two thousand years ago. 
But these ruins speak not ouly of the 11lecbanicalskill and physi- 
cal greatne
s of that vanished people, but also of their refinement 
and their acquaintance ,vith the deeply-hidden 1:.n\'"s of hygiene; for 
they well knew what has become known to us only after a lapse of 
twenty centuries, after the nlcasurcment of the heayens, and the dis- 
covery of the steanl-engille, tlult for every large city an abundant 
supply of pure, fresh ,vater is indispensaLle to the preservation of 
health. At the zënilh of her grandeur, Rome had eleven distinct 
aqucducts, "
]IO:SO aggregate discharge "yas equivalent to a streanl 
twenty feet wide by I::iix deep, 'with a fall six tinIes as rapid as that 
of the river Thames
 The daily supply "yas in the proportion of 
332 gall
ns t
 each inhabitant, ana it wns distributed to the })alaces 
and humhler dweHings in every part of the city, as ,veIl as to innumer- 
able fountains 1 many public wells and large reservoirs, to the numer- 
ous baths, and to several artificial lakes, where the enlperors held 
1 beir 71a1/macldæ, or sham n3xal battles. Tllese cleven constituted 
the most extensive and perfect system of aqueducts that has been pos- 
!'e

ed by any city eyen up to the present tilne. . Their combined 
length was over 300 nliles,50 of which ,yere above-ground either upon 
low substructures or-more imposing arcades. 1-'he loftiest arcåde ,,'as 
that l,elonging t
 the Aqua Claudia alld the Anio 
-rOVU8 j it was in 
one placo 109 feet high.! 1.n ,respect to heig]tt of arcades, ]Iowever, the 
aqueducts of ROllle were less remarkable than several Luilt by tlle 
emperor
, ahout the same tirlle, for certain })rovincial cities of the em- 
pire, and others of n10re recent times. Thus the EmÌ)eror Agrippa 
built an aqueduct for the city of N emausus (Rimes) in France, and 
carried it acro
"s the riyer Gard upon an arcade 180 feet high, and 
ahont noo fpct long. This splendid structure, still })erfeet, is now 
caned the Pout du Card, and is an ohject of attraction and aston- 
i
])nlent to Inodern travelers. It consists of a triple row of arcL
s, 
which in tllP two lower tiers are of wide span, and in tbe upper one 
narrow. This arcade "has no riyal for lightness and boldness of 
1 The Rorr:.an foo
 was 11.6496 English inches; 5 feet made one passus; 1,000 passus 
one mile, or 1,618 English Jarùs. 
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desiO'n amOllO' the existin g remains of works of this class carried out 
o 0 
by the ancif'ut Ron1ans." It is constructed entirely of freestone, to 
the covering of the upper row of arches. "The stones were laid with- 
out cement, and each ,vas raised by the lewis, the holes in ,vhich it 
,,
as inserted being still visible exactly over the centre of gravity in 
every stone. Still more remarkable for height is one of the bridges 
of the aqueduct of Antioch, also built by the Ron1ans. It is 700 feet 
long and 200 feet high. The lower part consists of a soHd ,vall 
})ierced by t"WO arches, in the centre-one upon the gronna, the other 
directly above. Along the top is a ro\v of narrow arches. 1'he 
design and workmanship of this structure are very rude. But in 
later times arcades of even greater height have been l)uHt. The ar- 
cade Delle Torri, near Spoleto, built in the seventh or eighth century 
A. D., is about 300 feet high and over 700 long, It consists of ten 
arches between lofty columns, and is remarkable as an early example 
of the pointed arch, as well as for lightness of design. The arcade of 
the Roquefavour Aqueduct across tbe river ,Arc is 262 feet high, and 
1,287 feet long. This aqueduct supplies the city of l\Iarseilles with 
,vater from the river Durance, 51 miles dist::l.ut. It ,vas constructed 
between 1839 anc11847, and has eight and a half n1iles of tunnels pass- 
ing through three chains of limestone mountains. But the most in1- 
posing arcade in the world, as regards the combined effect of height 
ancllength, is that of l\Iaintenon. It is about five-sixths of a mile long, 
and over 200 feet high. Louis XIV. built it for an aqueduct he pro- 
jected to convey the water of the Eure from Pont Gouin to Versailles, a 
distance of about 33 miles. This great enterprise ,vas abandoned in 
1688, after an expenditure of four years and 22,000,000 francs. The 
design contemplated one arcade over three miles long, ,,
hich in its 
highest part was to haye been formed of three tiers of arclles. 
At the time tbat it waR built, the Anio N ovus, probably of all 
aqueducts in the ,vorld, drew its ,vater fro.m the most diRtant 
ource. 
Tru
, the conduit of the Aqua l\Iarcia, one of the most irnportant 
of the aqueducts of Rome, ,vas longer, but its source 'vas only 39 
miles from the city, ,vbile that of the Anio was 42 ; the conduit of the 
one ,vas 61 milf's and 710 paces long, of tbe other 58 miles and 700 paces. 
There are at Carthage the remains of an aqueduct which is said to 
have been over 50 nlÍles long, but it is irnpossible to tell whether 
it was built by the Carthaginians })roper, or 1)y the Ron1ans who, 
long after the destruction of the old city, founded a new onf' on its 
ruins. The accolnpanying cut represents tIle r
lnains, near 1T ndena, of 
onc of the arcades of this aqueduct. It comprised 1,000 arche
, many 
of which were over 100 feet high. The allci
nt Peruvians are said to 
have built the most remarkable aqueducts in the ,,"orId for length. 
Garcilasso speaks of one that ,,
as 360 miles long, and another 450, 
but these 'were for irrigating purposes, and they wound around the 
mountains and followed the surface of the valleys instead of crossing 
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them on arcades, and therefore differed essentinllr from the aqueducts 
tbat 'we have been considering. 
\.nd, bcsidcs, the I5tatenlents as to 
their lenO'th should not be recei,'cd \vithout caution, for, at the time 

 
that the Sranianls first visited the country, their belief in the nlarvel- 
ous had been very greatly enlarged by the discovery of a new ,vorId. 
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FIG. 1.-THÉ AQUEDUCTS. Tbe Cro
sing in the Campagna near tbe Piscillæ and Roma Vecchi8. 


The longest aqueduct proper is that no"y building to cOllvey the waters 
of the Somme-Souc1e, Soudon, and Dhuis, to Paris. It "Till be about 110 
English n1iles long. The aqueduct of 110quefavour, already referred 
to, is 60 miles long, the longest in actual use. 
The ROlnans appear to have got their knowledge of aqucduct- 
building, 1ike most of their other kno'wledge, from the Greeks; for, 
",'hilc thcir first aqueduct, the .Aqua Appia, was not constructed until 
441 years after the building of the city, or 312 B. c., the Gre'eks had 
built aqueducts at :l\legara and Sam os as early as 625 ll. c., and at 
Athens in 560 B. c. But tllere is this diffcrence, that the Grceks did 
not use arcades, w 11ich, howcver, were not rendered necessary by the 
topography of.the country. At San10s, a tunncl four-fifths of a n1ile 
long, cight feet high and eight 'wide, ",vas cut through a hill betwccn 
the city and the water-source. A channcl three fcct wide was buHt 
within the tunnel, and an opening of the same width made to the sur- 
face from end to end, so that the fresh air came in contact with the 
water, which flowed into a conduit of masonry at the lower end, and 
thence directly to the baths, fountains, etc., of the city. This work 
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was constrncted by Eui)alinus, who had previously gained celebrity 
by building the aqueduct at l\Iegara. At Athens tbe water-supply 
,,,,as dra \vn Ly subterranean conduits froln 
lounts H ymettus, Penteli- 
cus, anJ Parnes, and received into reservoirs outside the city. Two 
conduits came from l\tfount Hymettus, and passed under the bed of 
the river Ilissus. Of course, it was necessary to supply fresh air to 
the water flowino-, throuO'h these subterranean channels , and that 
o 0 
was done by piercing them ,vith ,sbafts at intervals of about fifty 
yards. Subterranean channels were 
lso used to distribute the water 
through the city; they were of different fonns, being round or square, 
and in some of them pipes of baked clay \vere laid. It is some,vbat 
remarkable that these beneficent works were constructed by the \vis- 
dom of rulers who have come down to us branded as tyrants. The 
tyrants Theagenes of l\Iegara, Poly crates of Samos, and Pisistratus 
of r\.thens, 'were the men who caused them to be built. Some of those 
old aqueducts still continue to supply Atbens with ,vater. The aque- 
duct of Syracuse which still supplies the city ,vith an abundance of 
,vater, and which is remarkable for ha\ping a tunnel under the sea, 
between the city and the mainland, was built SOllIe tilllC prior to the 
Athenian invasion, 412 B. c., for Thucydides lllentions that it was 
partially destroyed by the invaders. But far Inore ancient than any 
yet referred to is the one at Jerusalem, built by Solomon, to conduct 
the 'water from the reservoirs, or '.' pools," that bear his name, to the 
city, a distance of six miles. It was formed by an eartben pipe ten 
inches in diameter, incased in stone and laid underground. It is still 
In use. 
The periodical overflow ()f tbe Nile, the Tigris, and Euphrates, 
enabled the peoples of Egypt and Babylonia to store np vast quan- 
tities of water in artificial lakes, of which the l\læris in Egy})t is a 
celebrated ex
t1nple, and tbe water was utilized as required, by sur- 
face-conduits or canals. 
Let us no\v turn back to the aqueducts of Rome, and examine 
somewhat the details of construction. A recently-})ublished ,vork on 
the aqueducts comprehended in the arcbæology of Ronle, by John 
IIenry Parker, C. B., affords 111uch interesting information in this con- 
nection. The facts aloe ascertained partly from tbe work of Sextus 
Julius Frontinus, \vho ,vas superintendent of the aqueducts (curator 
aqltal'un
) under the Emperors N erva and Trajan (A. D. 94-107), and 
partly from explorations of the courses and remains of the aqueducts 
made by 1\lr. Parker himself. Of the eleven aqueducts already 
referred to, ten approached the city from the east and one from tbe 
,vest. Of the ten on the east, four had their sources near Subiaco, in 
a spur of the Apennines beyond Tivoli; the others took their rise in 
the lower Jands nearer ROlne. T\vo of these, the An:io Vëtus and 
the Anio Þlov'lls, were fed by the river Anio, as is ind.icated by their 
names; the others received their ,vaters from S p rincrs or small lakes 
,::, , 
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and "yere called after their builders or projectors. The watert; of the 
)larcian, the most prized for their purity and coldne::;s, ,vere collected 
fronl scveral springs. For the .L\llio l' OYU8, which was unfailing as 
well as the 1no/:o\t abunùant of the aqueducts, the river Anio "Tas 
arrested near its sourcc by three gigantic walls. at different levels, 
and fonned into as many lakes, one ùelow the other. Over these 
wal]
 tbe ,vaste-water fell in magnificent cascades, one of the1n 
over 150 feet high. The object of the lakes ,vas to clarify the 
,vater; for the ...\llio, though usually a limpid stream, is liable to 
ùecome Inuddy after a heavy rain. The sources of the Anio 
 0\'U8 
and the Aqua Claudia are o\'e1' 2,000 feet above the level of the city, 
and those of the )larcia and Anio Vetus are not very much 10"Ter. 
Descending from such a beight and for distances varying in direct 
lines fL"om 30 to 43 miles, the water ,vonId naturally acquire great 
velocity und trenlendous force, which it "Tas nece
sary to din1Ïn- 
bh, and that ,vas done by ffiuking numerous angles in the con- 
duits. The angles ,vere made geÚerally at every balf-n1ile, and were 
points at which reservoirs (castella), or filtering-places (j?iscinæ), or 
both, ,vith accompanying air - shafts, ,vere built. These "were sur- 
mounted by small to.wers. As an additional nleans of breaking tIle 
force of the water, the bottoms of the conduits "'"ere given a succes- 
sion of short undulations. The conduits, reservoirs, and filtering- 
places, were lined ,vitb a cenlent {'alled OP
(S s'igninurn" ,vhich is 80 
compaet that it will resist a hard too1. The art of nlaking it bas been 
lost. The conduit
, always covered, were carried on arcades only 
where it was necessary to cross a yalley or a plain above its level; for 
the rest of their ,yay they ran in places upon tbe surface of the 
ground, but ulostly bel
)\v it. Thus of the 58 n1Îles of the Anio 
X ovus, 49 were underground. No t,vo aqueducts ,vere on the same 
level, ana so, where their cour::;cs converged, it ,vas both possible 
and con ,"enient to carry one conduit upon another, because it "
as 
forbidden by law to- erect a building ,,'itbin a certain nUlnbe1' of 
f(>et on either side of an aqueduct; hence we find the Aquæ 1\1301'- 
cia, TepuIa, and Julia, carried frOln their point of con vergence one 
aho\'e the other on one arcade," and the Aqua .Clauùia aud Anio 
X ovus 011 another. Each of the conduits "Tas differently shaped, 
sOlne baying arched, others angular roofR. 13esi<1es the snlall reser- 
yoirs referred to as occurrinO' at the angìes of the conduits , there 
o '--' 
were larger ones at longer inter.vals. The ruins of one of these, 
belonging to tl
e ,Aqua l\[arcia, are still to be seen near Carciano. It 
is a huge buhterranean chanl her divided by an arcade in the ll1iddle. 
Between fixc and bc\'en n1Ïles from Rome were the great filtering: 
places to ,vhich most of the aqueducts conycrged. The waters, IJow- 
e\'cr, w"ere not n1Ïngled, for each aqueduct llad its scparate chambers, 
though it was always "Tithin the pow"cr of the attendants (aquarii) 
to turn the "ate! frOLll one aqueduct into another at will. Of these 
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Frontinus. The number of open reservoirs was ufter,\?ard increased. 
IIcavy penalties were inflicted for dipping a dirty vessel into one of 
these reser,"oirs. Of the total supply, a little over one-third .was 
O'Íven to the l Hlblic, and the remaindpr divided pretty evenly bet,,"een 
b 
private and hnperial purposes. The ,yealthy had ,,"ater brought into 
re
ervoirs within the courts of their residences, whence it ""as raised 
to the upper stories in buckets ,vorked by,vindlasses. This method 
of supplying the upper stories iR in use at the present time. The Ro- 
mans had no l)llmps. 'Vhy the ,vater ,vas not conveyed upward in 
pipes does not appear, except tbat in regard to the more elevated 
parts of tbe city it wus probably not hrought in at a high euough 
level. They vossessed lead pipes of different sizes, and stopcocks of 
hronze allù silver, for these have been found in various places; and 
that they "ere verfectly ftuniliar with the principle of ])ydraulics, 
that water nlay be returned to its original level, is proved not only 
by the construction of the filtering-places already described, but also 
by the fact that they actually applied the principle on a stupendous 
I'\c:11e. Besides, there is a work of Vitru\'ius extant which recognizes 
and gi \res directions for conveying .water on this principle. An aque- 
duct cOl)
tructed by the En1peror Claudius, for tbe ancient city of 
Lugùunum (now Lyons), po
sessed t,vo inverted siphons, by which_ 
the watt'r was carried acrORS deep valleys. There is no doubt that 
th
y were acquainted, too, with the poisonous action of lead on ,vater; 
hut, if that ùeterred them from raising the water, it sho,vs they "were 
nlore careful in guarding against unhealthful inflne
ces than Vie mod- 
erns are, for lead pipes are in general use to distribute water through 
our honses to-day. 
. 
The aqneducts wcre placed under the care of a curator aq'llarum, 
and afterward, in the tÎme of Dioclctian, under several magistrates, 
called consulares aquarurn. Thc actual attendants numbered 700, and 
\\?Cl'e divided into thefa'Jnilia puòlica and the fa'Jnilia Gæsaris. The 
former, 240 in number, were paid by tlJC state; the latter, 460, .by the 
en1peror. 'Yith regard to the cost of building the aqueduct
, it seems 
to have heen defrayed, in the majority of cases, out of government 
funds; lnlt it is recordcd in an inscription on the Porta 
laggiore, a 
gate of the city over w"bich the conduits of the CJauc1ia and .Å.nio 

 OVllS "
ere carried, that those two aqueducts wcre huilt by the Em- 
pcror Claudius at his own expense. This gate affords a clew to the 
rea!'ìon why arcades instead of solid ,valls ,vere used to carry the aque- 
ducts across tlle plains: it was not solely for econolny's sake, nor for 
lJeauty's; lnlt whi1e t110se considerations, no donl)t, "Tere entertained, 
the main object was, to avoid intcrference with the freedoln of travel. 
The aqueùucts ,vere all destroyed in the Gothic ,vars under'Titiges 
nnel Toti1a, but the most important of them ,vere restored either by 
Be1isarins or Narses. These, ho,vcyer, fen gradually into òecay, and 
ultimatcly l)ecame useless. Pope Paul III. (1540) restored to use the 
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aqueduct on the west side of l
ome; and Sixtus V. (1585) restored 
the aqueduct of Trajan by mistake for the l\larcian. These two, the 
former called Paola, and the latter Felice, continued to be the only 
means of supply until 1870, ,yhen the reall\larcian was restored by a 
company of Englishmen and ROlnans. The water is brought as far as 
Tivoli in a stone conduit, and the rest of the way in cast-iron pipes. 
It has sufficient pressure to supply the tops of all the houses. 
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FIG. S.-RESERVOIR OF AQUA MARCIA. (Interior.) 


Reference has been made to the aqueduct now building for Paris. 
The supply of water required is 22,000,000 gallons per day, and the 
aqueduct was designed to convey that quantity. It is intended for 
household use only, the existing supply, which is abundant for other 
purposes, having become somewhat polluted. It 'was calculated that 
the aggregate yield of the three rivers which are to be turned to ac- 
count would be 28,000,000 gallons per day; but subsequent observa- 
tion has shown that in very dry seasons it falls considerably below 
the quantity required. It was therefore found necessary to sink wells 
or shafts into the chalky formation in which the rivers have their rise, 
to artificially increase the supply. The plan comprises conduits for 
collecting the waters from the several sources called" conduits of 
derivation," and a main aqueduct to which these converge. The 
former are togethcl' ahout 50 English miles long, and the latter is 110. 
The main aqueduct has a fall of 73j feet, and terminates in service- 
reservoirs 3 Belleville 83t feet above the level of the city. Along 
'Ç"OL. XI.-3 



34 


THE POPULAR SCIENCE .JIOJ..VTHLY. 


the course of the main and. subsidiary conduits are 17 bridgets, 31 
nliles of arcade, 4! miles of siphon, and 17-1 nliles of tunnel. The 
work is done under the direction and supervision and in accordance 
,vith the designs of )1. Belgraucl The total estimated cost, including 
8900,000 paid for injury to riparian rights, is <:;5,200,000. 
The aqueduct which supplies the city of l\Ianchester (England) 
.with .water b remarkable for its system of inlpoullding reservoirs, 
comprising seven, with dams varying from 70 to 100 feet in height. 
The work ,vas begun in 1848, and had not been conlpleted in 1874, 
although it was far enough advanced to supply the city with water. 
The city of Glasgow is supplied by the Loch Katrine Aqueduct, 35 
miles long, which conveys the water of the famous lake of that nan1e. 
It consists of a couduit of masonry 8 feet deep, 8 wide, and 27 miles 
long, and two lines of cast-iron pipes, between the city and the ser- 
vice-reservoirs, 8 n1iles long. The conduit betw
en Loch Katrine and 
the 8ervice-reservoirs is for the most part a tunnel through solid rock. 
It crosses some ravines on stone or iron arcades, and others by siphons. 
It is capable of discharging 50,000,000 gallons per day. It was opened 
by the queen with appropriate cer(Jrnonies in Octobt'r, 1859. The ,vorJ( 
was begun in 1855,.and finished in 1860. The cost, exclusive offaciJi- 
ties for distribution, was $3,340,000. 
In the autumn of 1873 was finished the aqueduct designed by Herr 
Carl Junker, of '
ienna, and constructed by 1\11'. Antonio Gabrielli, 
of London, to convey the ,vater of two springs (the I{aiserbrunll and 
Stixenstein), situated at the foot of the Styrian Alps, to Vienna, a 
distance of 56t miles. The conduit, which varies in size from 4t x 2t 
feet to 6t x 4 feet, and is faced with polished cement, to facilitate the 
How of the water, is always six feet below the surface of the earth or 
embankment through which it is carried. The object ain1ed at is to 
keep the water cold in summer and from freezing in winter. It has 
several splendid arcades, chief among which are one at Baden, another 
at 
IÖdling, and a third at Liesing. The former is 96 feet higb, about 
2,000 feet long, and comprises 43 arches. The aqueduct delivers about 
20,000,000 gallons a day. It was begun in 1869, and its cost ,va" 
$10,000,000. ", 
But, in regard to water-supply, the Roquefavour Aqueduct, referred 
to previously, is by long odds the most remarkable. The conduit is 
'7 feet deep, 30 wide at the top, and 10 at the bottom. It discharges 
11 tons of water per second, or about 285,000,000 gallons per day. 
The water is used for the city of l\Iarseilles, and to irrigate 25,000 
acres around it. 
In our own country there are several noted aqueducts-as t
1e 
Cochituate at Boston, the Washington Aqueduct, and Croton at New. 
York. The mpthoà en1ployed hy the cities of Chicago and l\Iilwau. 
kee to obtain their water-supply is unique. The ,vater of Lake }\[ichi- 
gan is brought into the city by a tunnel fron1 a sufficient distance oft. 
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to insure its being pure, and i8 then pun1ped up into service-reser- 
voirs, ,vhence it is distrihuted in the usual manner. The Chicago tun- 
nel is three nliles long, that of J\Iil waukee is shorter. 
The \Vashington ..Aqueduct leads from a reservoir which impounds 
the river-water at the Potomac Falls, is 16 miles long, and supplies 
the cities of Washington and Georgeto'wn. Its capacity is 70,000,000 
gallons per day. The water is conveyed in a ùrick-and-rubble ma801u'y 
conduit of circular form to the service-reservoir five miles from the 
, , 
city, and the rest of the way in three large cast-iron pipes capable of 
deli vering 30,000,000 gallons per day. This aqueduct was constructed 
at the expense of the United States Government, and cost $3,000,000. 
It ha
 several fine bridcres of which tbe most notable is the one across 
o , 
Cabin John Creek. This is a single granite arch, 100 feet high and 
220 IC'ng. Another remarkable example of the ,vide, single arch oc- 
curs on the Lisbon Aqueduct, finished in 1738. It is 115 feet wide 
and 250 high. 
By far the finest aqueduct in America is, the Croton. This was 
begun in 1837, and finished in 1842, at a cost of $8,575,000, with- 
out. the Ineans of distribution, which cost $1,800,000 n10re. The 
length of conduit from the impounding to the receiving-reservoirs in 
Central Park is 38t miles, for 33 of which the conduit is built of 
stone, brick, and cement, arched above and below, 8 feet 5 inches 
high, 6t feet wide at the bottom, and 7i at the top. The water 
crosses Harlem River in two cast-iron pipes 3 feet in dianleter, and 
one ,vrought-iron pipe 7 feet 6 inches in diameter, laid upon High 
Bridge, a magnificent granite arcade 1,460 feet long and 114 high. 
It comprises 15 arches, 7 of which have 50 feet span, and 8, those over 
the river, 80 feet. The fall is 1.10 foot per mile, the velocity of the 
water It mile an hour, and the possible discharge 115,000,000 gal- 
lons per day. 
For the first six years after the completion of the aqueduct, tbe 
quantity of water used was only 18,000,000 gallons per day, but it has 
now increased to over 88,000,000. The supply is drawn from Croton 
River, a sInall stream that flows into the Hudson, a short distance 
above Sing Sing. The river ,vas arrested by a dam 40 feet high, and 
made to form \vhat is now called Croton Lake. The mouth of the 
aqueduct is 12 feet below the surface of the lake, whereby it is pro- 
tected from freezing up in winter, and the ,vater is obtained pure 
and cool in summer. The lake has an area of 400 acres, and usually 
affords a daily supply of 50,000,000 gallons; but this fell off, during a 
severe drought seven or eight years ago, to only 27,000,000, and since 
then another source has been a(1ded by damn1Íng up the western branch 
of Croton River. The receivinO'-reservoirs two in number , are located 
ð , 
in Central Park: the "01<1" covers 35 acres, and holds 150,000,000 
gallons; thp "new" covers 100 acres, and holds 1,030,000,000. The 
distributing-reservoir is situated 2t miles farther down, between Fifth 
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and 
ixth A venues, Fortieth and :Forty-second Streets. Its wans' are 
45 feet high, and they inclose a little nlore than 4 acres. The water 
is hl'ought 'down in five lines of iron pipe, two of ,vhich 
re 30 inches 
in diameter, two three feet, and one four feet. The distributing-pipes, 
raIuifyillg throti.gbout the city, are about 340 111Ïles long. The" mains" 
are laid near tbe sidewalks on either side of the streets, and at every 
crossing are provided with branches for supplying tbe adjacent build- 
ings. These uranches are provided ,vith stopcocks for turning off the 
water ,,
hell necessary. The higher parts of the city lying north of 
)lallhattan Valley are supplied froln a tower and reservoir recently 
built on high ground near One I-Iunell"ed and Seventy-third Street and 
'renth Avenue, to which the ,vater is raisecl by powerful pUllIpS. The 
reader will have been struck \vith the sinlilarity between this aqueduct 
alHl those of ancient Rome; it renlaills to be shown that there is one 
other point of resemblanee, in the 
lÏr-shafts that are built at intervals 
of a mile. They rise 14 feet above the ground, and, like the olJ 
l
oln
uI ones, are in the form of towers. Every third one is provided 
with a door and way of access into the conduit. But the conduit is 
without the filtering-places and the anglrs. The conduit does, indeed, 
luake several curves "of 500 feet radius, but these are for changing the 
('onr::;e of the aqueduct to avoid obstacles, instead of for breaking tbe 
force of the water, ,vhich in fact is unnecessary, the inclination being, 
as already shown, Í1isigllificant. The level of Croton Lake is about 
115 feet above that of }lanhattan Valley, and ,vhen the old reservoir in 
Central Park .was yet building, the citizens of N ew York ,vere afforded 
the magnificent spectacle of a vertical column of ,vater shooting up 
over 100 feet from the bottonl of the valley. 
In connection ,vith ,our subject, though not strictly belonging to 
it, may he nlentioned the fact that canals are in many places carried 
acro
s valleys and rivers upon bridges. Exanlples have long existed 
on thp Languedoc Canal in France. The first in England was the Bar- 
ton Bridge, which carries a canal across the river Irwell 39 feet above 
the surface. It was constructed by Brindley, for the Duke of Briclge- 
,våter. Says a contempor
ry English ,vriter: "It was commenced in 
Septenlher, 1760; and in July of the following year the spectacle ,vas 
first presented, in this country, of vessels floating and saililig across 
the course of the river, .while others in th
 river itself ,vere passing 
uncler them." The Lancaster Canal has one of five arches of 72 feet 
span each, ana 65 feet high, across the river Lune. Later and more 
c('lehratec1 examples, though, are t.hose of POllt-y-Cysylte and Cbirk 
in "' ales. The former, constructed by l\11'. Telford, "is justly cele- 
brated for its lnagnitude, simplicity of desgin, and skillful dispositiQn 
of parts, comhining lightness ,vith strength in a degree s('ldom at- 
tempted. It cont-'i
ts of cast-iron arches resting on pillars of stone; 
the l
ngth is 1,000 feet, the number of arches 19, and the height 
126 feet." In this country these bridges are numerou
, tllere being 



GR.Ã1 VIT ATIO-,-V, ,.Al'TD HO TV IT TVORI
S. 37 


no less than 32 on the Erie Canal. The finest of them are two across 
the l\lohawk River, a third at Richmond over the Seneca River, and a 
fourth across the Genesee at Rochester. The latter is a svlendiù stone 
arcade 920 feet long, ha,"ing six cut-stone arches ,of 52 feet span. A 
wire suspension-bri.dge of seven spans, each 160 feet long, conveys 
the Pennsylvania Canal across the Alleghany l{iver at Pittsburg. 


- ... 


GRA VITATIO:R, AND IIO'V IT WORI\:S. 


By GRANVILLE F. FOSTER. 


" The force of gravity acts on bodies directly in proportion to the quantity of matter 
in each." 
"The force of gravity decreases in the reciprocal proportion of the square of the dis- 
tance."-(ORR'S " Circle of the Sciences," voJ. vi., p. 1.) . 


A 1 \10NG students of natural philosophy no facts are n10re fre- 
quently misunderstood than those pertaining to the laws of 
gravitation. It is readily adn1Ïtted that if a body A exerts on B a 
certain force of attraction, if ..A.'s mass be doubled, then will A's at- 
tractive influence on B be doubled also, but the fact is not so apparent 
that any two bodies, \vhatever their disparity of mass, or however 
great their distance apart, win attract each other with precisely equal 
forces; and that if, for instance, the Inass of ,1\. be doubled, not only 
will A's attraction for B be doubled, but at the same time B's attrac- 
tion for ..l\ \vill be doubled also, The pen I hold in my hand attracts 
the sun with precisely t.he san1C amount of force that the sun attracts 

he pen, and, if either the mass of the p.en or sun be doubled, the 
mutual attraction will be doubled also. The first la"r of gravitation 
most certainly teaches that the earth, so insignificantly small as com- 
pared with the sun, both in volunle and mass, attracts the snn ,vith a 
force exactly equal to that which, being by the sun exerted on itself, 
reduces it to obedience, and compels it to make its annual revolution. 
So, too, the moon and the earth mutually and equally attract each 
other. 
The fact that the forces of attraction betw"een two bodies are equal 
may be easily eXplained as follows: Let there be five bodies, A, B, C, 
D, E, ancllct _t\. be so situated as to be at equal distances fronl the 
other four: then it is evident that the forces which nH
asure the mu- 
tual attractions of (.1:\ and R), (___t\. and C), (..:\ and D), and (
\. and E), 
are equal. Calling the force ,vhich A e,,"erts on B, or B exerts on A, 
one, then will the sum of the forces which B, C, D, and E exert on A 
be equal to four, but the snm of A\:, attractions for B, C, D, and E, 
will also be equal to four, since A's attraction for B is in no way 



3 8 


THE POPULAR J:jOIE.L\TOE }rIO-,-VTHLJ T . 


<4ither increased or din1inishcd by the fnct that at the same time it 
also exerts an attraction on C, D, or E. N O\V, let B, C, DJ and E, be 
united into one IllabS, F, and it will be readily perceived tbat the 
truth of the foregoing statenlcnts cannot thereby be affected. 
As a gencral formula the la"w of gravitation may be enunciated as 
follows: "If one of the masses contain m units of n1ass, and the other 
one unit, the force will be m tÏInes as great as though they were both 
units of mass; but if the second body contain n units of IDaf'S, the 
attraction ,vill be 'n times as great as before; that is, 'In n divided by 
the square of the distance between the bodies." 
N O\V, suppose A and F free to move, then on n1eeting A ,,'"ill have 
IHo,.ed over four-fifths of the distance between A and F, and F during 
the salue time will have moved over one-fifth of the same distance; 
that i
 t\. say, the velocity of A has just been equal to four tinIes that 
of F, and this is just what might have been expected from "dlat is 
l.nown of the laws of force. Suppose A and F to be placed ,,'here 
friction and other obstacles to motion do not exist, tIle velocities of 
the bodies will be indirectly as their masses, if the respective forces 
exerted on the bodies be equal; that is, a force which would propel a 
body with a certain velocity ,rould propel another body one-quarter 
of tbe ll1ass of the former "with four times the velocitJ'". In the case 
supposed, since A is one-quarter of the n1ass of F, a given force must 
necessarily move"A over four till1es the space and with four times the 
velocity tbat it is abl
 to move F, and when A and F meet the mo- 
menta of A and F ,vill be respectively equal. 
The truth tbat two bodies n1utually and equally attract each other 
is also abundantly proved in astronomy. Take tbe case of t}Je earth 
and moon. The earth by its attraction con1pels the ll100n to nUlke 
around it as a centre her monthly revolution; hut it is equally true 
that the nIoon compels the earth to move around the centre of gra'Tity 
of the eartb and n100n; "which centre, on account of the earth's nIass 
hcing oyer eighty times that of the moon, is distant from the earth's 
centre a little over 2,000 miles, and tbis motion of the earth is per- 
formed in preCisely the ,time 
f the lunar revolution, namely 27-}- 
days. No",", it ","ill requil
e but little reflection to perceive that to 
n10ve the earth in a circle ,vith a radius of a little more than 2,000 
n111es, and the 1110011 in a circle 'with a radius of nearly 240,000 miles, 
'WolIl<1 require equal forces. The sanIe thing is true of the snn, which 
is ohliged hy the comhined forces of the planets to revolve around 
the centre of -gravity of tIle solar system, and on making.. the neces- 
sary calculations .we finel that the force exerted on the planets by the 
sun just equals the force exerted hy the planets on the sun. 
 
W cigl1t has been r1cfinec1 as the measure of the earth's attraction. 
A hody wpip:hing one pound attracts the earth and is attracted by it 
with a force of one pound, but the same body at tbe sun's surface 
would attract the nlass of the SUll with a force of twenty-seven pounds, 
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since its weight has been increased twenty-seven times by the sun's 
attraction. 
We have hitherto considered the 1nutual attraction of two bodies, 
but now let a third be introduced, as, for instance, in tbe case of A 
and F, let G be placed at equal distances frOln A aud F, and let the 
relative masses of A and F be as stated before ill this paper: then will 
the force ,vhich measures the mutual attraction of F and G be equal 
to four times the force which mea
ures the 'Jnutual attraction of G 
and A, or, in other 
vords, F win attract G with four times the force 
that A will attract G. Lastly, let G's mass equal A's mass, and let 
G be placed at double the distance from F tbat A bas been placed: 
then, according to the second law of gravitation, the units of force 
which measure the m
(;tual attraction of A and F will be four times 
the force which measures the mutual attraction of G and F. 


... 


O
 TIlE HATIITS OF .A.NTS. 


By SIR JOHN LUBBOCK, BART. 
T HE anthropoid apes no doubt approacl; nearer to man in bodily 
structure than do any other animals; but when we consider the 
habits of ants, their social organization, their large communities, 
elaborate habitations, their róad,vays, their possession of domestic 
animals, and even in some cases of slaves, it Illust be admitted that 
they have a fair clainl to rank next to nlan in the scale of intelli- 
gence. They present, lnoreover, not only a most interesting but also 
a very extensive field of study. III this country we have nearly 
thirty species; but ants become more numerous, in species as well 
as individuals, in ,varmer countries, and more than seven hundred 
kinds are known. Even tbis large number certainly is far short 
of tbose actually in existence. 
I have kept in captivity nearly half of our British species of ants, 
and at the present moment have in my 1'00111 more than thirty nests, 
belonging to about twenty species, some of which, ho,vever, are not 
English. No two species are identical in habits, and on various 
accounts their mode of life is far from easy to unravel. In the first 
place most of their titHe is pas8ed underground; all the education of 
the young, for instance, is carried on in the dark. Again, ants are 
essential1y gregarious; it is in some cases difficult to keep a few alive 
by themselves in captivity, and at any rate their habits uÌu1er such 
circumstances are entirely altered. If, on the other hand, a whole 
comIllunity is kept, then the greater number introduces a fresh element 
of difficulty and complexity. 1\Ioreover, within the same species, the 
individuals seem to differ in character, and even the same individual 
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will behave very differently under different cÏrcnnlstances. Although, 
then, ants have attracted the attention of nlany naturalists-Gould, 
l>e Gee'
," 

"valnm.erdaln, J.Jatreille, LeelHvenhoeck, Huber-and have 
recently been the ohjcct of interesting observations by Frederick 
Smith, Belt, )[oggridge, Bates, l\Iayr, Emery, Forel, and others, they 
still present one of the most pron1Ïsing fields for observation and ex- 
periment, 
The larvæ of ants, like those of bees ana wasps, are small, ,,
bite, 
legless grubs, some\vbat conical in form, being narrower toward the 
head. They are carefully tended and fed, being carried ahout fron1 
chamber to chamber by the worker
, probably in order to secure the 
most suitable amount of warmth and moisture. I have observed 
also that tbey are very often sorted according to age. It is sonJe- 
times very curions in my nests to see them divided into groups ac- 
cording to size, so that they ren1Ïnd one of a school divided into five 
or six classes. When full gro,vn they turn into pupæ, sOlnetimes 
naked, sometimes covered with a silken cocoon, constituting the 80- 
called "ant-eggs." ..After remaining sonle days in this 
tate, ther 
emerge as perfect insects. In many cases, howeyer, they would per- 
ish in the attempt, if they ,vere not assisted, and it is very pretty 
to see the older ants helping them to extricate themselves, carefully 
unfolding their legs aud smoothing out the wings, with truly femi- 
nine tenderness and delicacy. 
U nd
r ordinary circumstances an ants' nest, like a beehive, consists 
of three kinds of indh-iduals: workers, or imperfect females (which 
constitute the great majority), males, and perfect females. Then" 
are, however, often several females in an ants' nest; while, as .we 
all kno.w, there is never more than one queen in a hive. rrhe queens 
have wings, but after a single fligllt they tear off their own wings, 
and do not again quit the nest. In :!ddition to the ordinary workers 
there is in :-:ome species a second, or rather a third, fOrIn of female. 
In almost any ants' nest we may see that the "
orkers diffe-r more or 
less in size. ,The amount of difference, ho,,
eYer, depends npon the 
species. In Lasius niger, the small brown garden ant, the workers 
are, for instance, much more uniforrll than in the little yellow 
meadow ant, or in Atta barbara, ,,
here some of them are" more than 
twice as large as others. Rut in certain ants there are differences 
still more remarkable. Thus, in a 1tlexican species, bef'ides tlJe com- 
mon workers, which have the form of ordinary neuter ants, there are 
certain others in which the abdomen is swollen into an innnense sub- 
diaphanous sphere. These Í1l<lividnals are very inactive, and prin- 
eipallr occupied in elaborating a kind of honey.1 In the genus PJwi- 
dole-very common in Southern Europe-there are also tw.o dis- 
tinct forms without any intermediate gradations: one ,,,ith heads of 
the usual proportion, and a second with immense beads provided 
I Westwood, "
Iodern Classification of Insects," vol. ii., p. 225. 
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with very large ja \VS. These latter are generally supposed to act as 
soldiers, and the size of the head enables the rnuscles which move the 
j:tws to he of unusual dirnensions, though the little ones are also very 
pugnacious. This differentiation of certain individuals so as to adapt 
them to special functions seems to me very remarkable; for it Inust 
be remembered that the difference is not one of age or sex. 
The food of ants consists of insects-great numbers of which they 
destroy-of honey, honey-de,v, and fruit; indeed, scarcely any anilnal 
or sweet substance comes amiss to them. Some species-such, for 
instance, as the small brown garden ant-ascend bushes in search of 
aphides. The ant then taps the aphis gently with her antennæ, and 
the aphis emits a drop of sweet fluid, ,vhich the ant drinks. Some- 
times tIle ants even build covered ,vays up to and over the aphides, 
which, moreover, they protect from the atta.cks of other insects. Our 
English ants do not collect provision for the ,vinter-indeed, their 
food is not of a nature which would adn1Ït of this. Some soutbern 
specips, ho,vever, collect grain, occasionally in considerable quantities. 
l\Ioreover, though our English ants cannot be said exactly to Jay up 
store
, SOllle at least do take steps to provide themselves with food 
in the future. The small yellow meadow .ant (LasÏ1ls flavlls), for 
instance, lives principally on the honey-dew of certain aphides which 
suck the roots of grass. The ants collect the aphides in the nest, 
not only watching over them themselves, but, as I have been able 
to satisfy myself, even over 
heir eggs-an act which one is nluch 
tenlpted to refer to forethought, and which in such a case implies a 
degree of prudence superior to that of some savages. Besides these 
aphides, nlany other insects live in ants' nests. If they are to be 
regarded as dOlnestic animals, then ants have more domestic animals 
than we have. The majority of these ant-guests are beetles. Some 
of them-as, for instance, the curious little Claviger-are quite blind, 
and are only fonnd in ant
' nests, the ant taking just as much care 
of them as of their own young. It is evident, therefore, that in 
some way they are useful or agreeahle to the ants. The subject, 
however, is one as yet but little understooù, and very difficult to 
study. Grimm and Lespés consider that some of these beetles secrete 
a sweet fluid like the aphides, and from analogy this seems probable. 
Other creatures which habitually live in ants' nests, like the little 
Beckia albinos or the blind woodlouse (Platyar.tl
rus), perhaps In:tke 
themselves useful as scavengers. 
N or are ants without their enemies. In addition to birds and 
other larger foes, if you disturb a nest of the brown ants at any time 
during the summer, you ,vill probably see some very sma11 flies 
hovering over them, and every now and then making a dash at 
some particular aut. These flies belono- to the crenus Pllora and to 
. 
 b , 
a species hitherto unnamed, which 
[r. 'T crrall has been good enough 
to deserihe for me. The y lav their eO-ITs on thp ants inside "Thich 
J ð;::, , 
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the larvæ live. Other species of the genus are in the sanle 'way para- 
sitic on ùees. On the 14th of October last I observed that one of 
my ants had a Illite attached to the ullder
ide of its head. The nlite, 
which b still in the 
aIllC position, is ahllost as large as the head. 
The ant cauBot renlove it her
eIf: She ha.s never come out of the 
ne
t, so that I could not do it for her, and nune of her o,yn com- 
panions from that day to this bave thought of performing this kind 
omce. 
In character the different species of ants differ very much from 
one anotlJer. R fusca, the one .whicb is preënlÏnently the enslaved 
ant, is, as Inight be expected, extremely timid; while the nearly 
allied F. cinerea bas, on the contrary, a considerable amount of 
indi,.idual audacity. F. ?'ufa, the horse ant, according to 1\1. Forel, 
is especially characterized by tbe want of individual initiative, and 
ah\
ays moves in troops; he also regards the genus FO'rntÏca as the 
most brilliant, though sonle otllers Excel it in other respects, as, for 
instance, in the sharpness of their senses. F. jJ'l'atazs
.s .worries its slain 
enemies; R sanyui71ea never docs. Tbe slave-making ant (P. 'rufescens) 
is, perhaps, the brave!St of all. If a ::;ingle individual finds berself 
surrounded Ly enemies, she ne,.el' attempts to fly, as any other ant 
'would, but transfixes her opponents one after another, springing 
right and left with great agility, till at length she succumbs, over- 
powered by numbers. M. scabrinodis is cowardly and thievish; 
during wars alllong the larger species tbey llaunt the battle-fields 
and dcvour the dead. Tetrarrtori1ün is said to be very greedy; 

lIyrntecina vcry phlegn1atic. 
In industry ants are not surpassed even ùy bces and ,vasps. They 
work all day, and in ,varm weather, if necd be, eyen at nigllt too. 
I once watched an ant from six in the morning, and 
be worked 
without interlnissiol1 till a quarter to ten at night. I bad put hcr to 
a f-aucer containing larvæ, and in this tÍn1e f'he carried off no less than 
a hnn(lreà and ei
ðlty-scYen to tIle nest. I once had 311Ot-her ant, 
which I elnployed in my experin1ents, under observation several 
days. 1rhen I can1e up to London in the morning, and went to 
hed at night, I used to put her iÚ a small bottle, but the n10ment she 
was lct out she began to ,\Tork again. On onc oecasiol1 I wa:::; a'way 
frolll })omc for 3, 'week. On my return I let her out of the bottle, 
placing her on a little heap of larvte about tbrec feet frOlTI the nest. 
l T ll(h'r th{'se circumstances I ccrt:Únly did not expcct her to return. 
IIowever, though Rhe had thus bcen six davs in confinenlent, the 
lJrnve litt1e creature immediately pickcd up 
 larva, carricd it off 
to the }}('st, ana after half an hour's rest returned for anot1}(
r. 
We 113 '.C h:ld hitherto very little information as to thc length òf 
life in ants. Ho far, indeed, as the prcparatory stages arc concerned, 
thcre is little difficulty in approxinultely asccrtaining the facts- 
naniely, that ,,
hile they take only a fC"\\T weeks in sunlmer, in some 
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species, as our small yellow meadow ants, the autunln larva:' renlain 
with comparatively little change throughout the ,vintl'r. It is luuch 
1110re difficult to ascertain the length of lifp of the perfect insect, on 
account of their gregarious habits. and the difficulty of recognizing 
individual ants. It has, however, generally been 8upposed that 
they live about a season, and this is probably the case; but I have 
still some workers of F. cinerea, which I captured at Castellamare 
in November, 1875, and sonle of F. sanguinea and F. j'usca since 
September in that year. They must now, therefore, be at least a 
year and a half old. I have also some queens of I1
 fusca lvhich 
have been with me since December, 1874, and still seem in l)erfect 
health. If they lived much longer, and could compare their ex- 
periences, ants "ronld, froIll their immense nunlbers, even in temper- 
ate regions, con
end with ma.nkind on no such ver)" unequal terms. 
The behavior of ants to one another diff
rs yery much according 
as they are alone or supported by numerous companions. An ant 
,\'hich ,vould rnn away in the first case, ,vill fight bravely in the second. 
It is hardly necessary to say that, as a general rule, each species 
lives by itself. There are, however, some interesting exceptions. 
The little Stenamlna lVêstwoodii is found exclusively in the nests of 
the much larger F. rufa and the allied F. pratensis. 'Ve do not 
kno\v what the relations bet,veen the t\VO species are. The Stenarnmas, 
however, follow the Forlnicas whén they change their nest, running 
about among them and between their legs, tapping them inquisi- 
tively with their antennæ, and even sonletimes climbing on to their 
backs, as if for a ride, while the large ants seenl to take little notice 
of them. They almost seem to be the dogs-or rather cats-of the 
ants. Another sffi311 specieR, Solenopsis fugaæ, 'which makes its 
chambers and galleries in the walls of the nests of larger species, is 
the bitter enemy of its hosts. The latter cannot get at theIn, 
because they are too large to enter the galleries. The little Sole- 
nopsis, therefore, are quite safe, and, as it appears, make incnr
ions 
into the nurseries of the larger ant, and carry off the larvæ n
 food. 
It is as if we had small dwarfs, about eighteen in('he
 to tw"o feet 
, long, harboring in the walls of our houses, and every no\v and then 
carrying oft
 SOlne of our children into their horrid den
. 
.l\iost ants, indeed, will carry off the lar'?lli ana pnpm of others if 
they get a chance; and this explains, or at any rate throws son10 light 
UpOIJ, that 1110St remarkable phen0111enOn, the exi
tence of slavery 
among ants. If yon place a number of larvro and pnpm in front of 
a nest of the horse ant, for instance, they are soon carried off; and 
those which are not immediately required for food remain alive for 
some days, though I have never l)een able to satisfy myself 1\?hethcJ' 
they arc fed by their captors. Both the horse ant and the slave ant 
(F. fusca) are abundant species, and it must not unfrequently occnr 
that the former, being pressed for food, attack the latter :1n(J carry off 
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SOIne of their larvæ and pupæ. Under these circumstances it occa- 
sionally happens that the pupæ conle to maturity in the nests of the 
horse ant, and nests are sometimes, though rarely, found in which 
with the legitinlate owners there are a few F. J'U8cas, 'V ith the horse 
ant this is, however, a very rare and excepti
nal phenomenon; but 
with an allied species, F. sanguinea, a species which exists in our 
southern counties nnd throughout Europe, it has become an estab- 
lished habit. The F. sanguineas make periodical expeditions, attack 
neigh boring nests of þ
 fusca, and carry off the pupæ. 'Yhen the 
latter come to maturity, they .find themselves in a nest consisting 
partly of P: san[Juineas, partly of F. fuscas-the results of previous 
expeditions. They adapt therusel \reS to circumstances, assist in the 
ordinary household duties, and, having no young of their own 8pecies, 
feed and tend those of the F. sanguinea. But though the F. san- 
guineas are thus aided by the F. fuscas, they have not themselves lost 
the instinct of working. It seems not improbåhle that there is sonle 
division of functions between the two species, but ,ve have as yet 
no distinct knowledge on this point, and at any rate the F. sangui- 
neas can "do" for themselves, and carryon a nest, if necessary, 
without slaves. . 
In another species, however, Polyergu8 r'llfeSCen8, which is not 
British, this is not the case. They present a striking lesson of the 
degrading tendency of slavery, for they have be('onle entirely depend- 
ent on their slaves. Even their bodily structure has undergone a 
change: their l11andibles have lost their teeth, and have become mere 
nippers-deadly wea})ons, irideed, but useless exccpt in war. They 
haye lost the greater part of their instincts: their art, that is, the 
power of building; . their domestic habits, for they take no care of their 
own young, all this being done by the slaves; their industry-they 
take no part in providing the daily supplies; if the colony changes 
the situation of its nest, the masters are. nIl carried by the slaves to 
tbe ne,v one; nay; they have even lost the habit of feeding
 Huber 
})]acc(l thirty of them, with some larvæ and pupæ, and a supply of 
honey, in a box. 
"At firRt," he says, "they appeared to pay some little atte
tion to the 
lar\ffi; they carried them here and there, but presently replaced them. )fore 
than one-half of the Amazons died of hunger in less tIlan two days. They had 
not even traced out a tlwelling, and the few ants still in existence were languid 
and without strength. I commi
erated their condition, and ga\?e theIn one of 
their hlack ('ompanions, This individual, unassisted, established order, formed a 
chamber in the earth, gathering together the larvæ, extricated several young 
ant
 tl1at were ready to quit the condition of pupæ, and prr'served the life of 
the remaining Amazons." 1 


This oh

rvation has been fully confirmed by ot.her naturalists. 
IIowevcr small the prison, however large the quantity of food, these 
1 Huher, U Xatural History of Ants." 
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stupid creatures will starve in the midst of plenty rather than feed 
the!Ilselves. I have had a nest of this species under observation for 
a 10llg tinIe, but never saw one of the 111asters feeding. I have kept 
isolated specinlpns for weeks by giving theln a -slave for an hour or 
t,vo a day to clean and feed theIn, and under these circumstances 
they relnained in perfect health, while but for the slaves tbey ,vould 
have perished in twö or three days. I know no other case in Nature 
of a species having lost the instinct of feeding. 
In P. rufescens, the so-called workers, though thus helpless and 
stupid, are numerous, energetic, and in some respects even brilliant. 
In another slave-making species, however, Strongylognathus, the 
,vorkers are much less numerous, and so \veak tbat it is an unsolved 
problem how they contrive to make slaves. 
Lastly, in a fourth species, Anergetes atratulus, the ,vorkers are 
absent, the males and females living in nests with workers belonging 
to another ant, Tetramorium cæspitun
. In these cases the 1ètra- 
mOl'iums, having no queen, and consequently, no young of their o,vn, 
tend the young of the Anergetes. It is, therefore
 a case analogous 
to that of Polyergus, but it is one in 'which slave-owning has almost 
degenerated into parasitism. It is not, ho,vever, a case of true para- 
sitism, because the 1étramoriurns take great care of the Ane'l'getes, 
and, if the nest is disturbed, carry them off to a place of safety. 
1\1 Forel, in his excellent work on ants, has pointed out that very 
young ants devote themselves at first to the care of the larvæ and 
pupæ, and that they take no share in the defense of the nest or 
other out-of-door work until they are some days old. This seenlS 
natural, because at first their skin is comparatively soft; and it 
would clearly be undesirable to undertake rough work or run 
into danger until their armor had had time to harden. There 
are, however, reasons for thinking that the diyision of labor is 
carried still further. I do not al1ude merely to those cases in which 
there are completely different kinds of workers, but even to the 
ordinary workers. In L. .flavus, for instance, it seems probable that 
the duties of the small workers are somewhat different from those 
of tbe large ones, though no such division of labor has yet been 
detected. In F. fusca I made an observation which surprised me 
very much. In the autumn of 1875 I noticed an ant out feeding 
alo
e. The 
ext day the same ant was out by herself, and I could 
easIly recognIze her because by some accident she had lost the 
claws of one of her hind-feet. My attention being roused, I watched 
the nest for some weeks, and sa\v this same ant out repeatedly, but 
no other. This winter I have kept t,vo nests under close observation 
-that is, I arranged with my daughters and their governess, 1\Ii
s 
Wendland, most conscientious observers, that we should look at the 
nest once every bour throug-hout the day, and this has been done 
since the middle of November, with a few exceptions not enough 
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to affect the conclusion. The former nest contains about t,,",o hun- 
dred the second about four hundred individuals; but as they are 
, 

oInewhat 'torpiù, and there are no larvæ to bo fed, Iuuch food is 
not required. In each case only two or three individuals came out 
for tood, each about twice a day, though some days they did not 
come out at alL Thinking that possibly these specimens ,yere un- 
usually voracious, or in some other way abuonnal, I inlprisoned the 
foragers belonging to one of the nests. The follo"wing day two 
others caUle out for food, and continued cOJJling for several days. 
I then inlprisoned them also, ,vhen two others came out-showing, 
I think, that the community requires food, and, that it ,vas the 
functions of certain individuals to obtain it. 
One of the most interesting problems about ants is, of course, to 
determine the amount of their intelligence. In order to test this, 
it secnled to me that one way would be to ascertain sonle object 
,vhich they would clearly desire, and then to interpose SOIDe obst3cle 
which a little ingenuity would enable them to overcome. With 
this object in yiew, I placed food in a porcelain cup on a slip of glass 
surrounùed by water, but accessible to the ants by a bridge, consist- 
ing of a strip of paper tw.o-thirds of an inch long and on{1-tbird wide. 
Having then put a F. nigra from one of my nests to this food, she 
Legan carrying it off, and by degrees a nunlber of friends calue to 
help her. I then, when Hbout t,venty-five ant
 ,vere so engaged, 
I!loved t
e little paper bridge slightly, so as to leave a chasm just 
FO wide that the ants could not reach across. They carne to the 
edge and tried hard to get over, but it did not occur to them to push 
the paper bridge, though the distance ,vas only aùout one-third of 
an inch, ana they nlight easily have done so. ..L\fter trying for about 
a qwu'tcr of an hour they gave up the attempt, and returned honle. 
This T repeated :several tilnes. Then, thinking that paper was a 
hubstance to which they ,vere not accustomed, I tried the same ,vith 
a hit of stra,v one inch long and one-eighth of an inch wide. The 
rl'bult was the same. I repeated this twice. Again I placed }Jar- 
ticleH of fooù close to and directly over the nest, but connected with 
it only by 11 pa

age several feet in lengtll. Under these circumstances 
it would he ohviously a saving of time and labor to drop the food 
on to t'10 nest, or at any rate to spring do,vn with it, so as to 
save one journey. But, thO
lgh I have frequently tried the experinlent, 
IllY ants never aùoptefl either' of these courses. I arranged matters 

o that the glass on which the food ,vas placed ,vas only raised onc- 
thir.l of an inch ahove the nest. The ants tried to reach down, and 
the ai
tan('o ,vas so small that occasionally, if another ant passed 
underneath jn
t as one ,vas rpaching down, the upper one could step 
on to its hack, and so descend; but this only happened acciden- 
tally, ana th,-,y did not think of tIn'owing tho particles down, nor, 
which surpri
ea me ye!y much, would they junl}) dówn themselves. 
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I then placed. a heap of fine InoulJ close to the grass, but just so far 
that they could still not reach across. It would have been of course 
quite easy for any ant, by moving a particle of earth for a quarter of 
an inch, to have nlade a bridge by which the food might have been 
reached, but this simple (1xpedient did not occur to them. On the other 
hand, I then put some provisions in a shallo\v box with a glass top, 
and a single hole on one side, and put some specinlens of Lasius 
niger to the food. As soon as a stream of ants was at ,york, busily 
carrying supplies off to the nest, and when they had got to know 
the way thoroughly, I poured some fine mould in ii'ont of the hole 
so as to cover it up to a depth of about half an inch. I theu took 
out' the ants which were actually in the box. ..As soor: as they 
had recovered from the shock of this unexpected proceeding on nlY 
part, they began to run all around and about the box, looking for 
some other place of entrance. Finding none, ho\vever, th
y began 
digging down into the earth just over the hole, carrying off the 
grains of earth one by one, and depositing them" \vithont any order, all 
round at a distan
e of frorn half an inch to six inches, until they had 
excavated dov/n to the doorway, ,vhen they again began carrying off 
the food as befol'e. This eXPl.riluent I repeated on the following days 
three or four times, always with the same result. 
As evidence both of their intelligence and of their affection for 
their friends, it has been said by various observers that when ants 
have been accidentally buried they have bepn very soon dug out 
and rescued by their companions. Without for a moment doubting 
the facts as stated, \ve must remember the habits' whieh ants have of 
burrowing in loose fì'esh soil, and especially their practice of digging 
out fresh gallerie
 when their n"ests are disturbed. It seemed to me, 
ho\vever, that it ,voll1d not be difficult to test ,\yhether the exca- 
vations made by ants under the circumstances were the result of this 
general habit, or really due to a desire to extricate their friends. 
With this vie\v I tried (20th of August) the follo\ving experiments: 
I placed 
ome honey near a nest of Lasius niger on a glass sur- 
rounded with water, ancl so arranged that in reaching it the ants 
passed over another glass covered with a layer of sifted earth about 
one-third of an inch in thickness. I then put some ants to the 
honey, and by degrees a considerable number collected round it. 
Then, at 1.30 P. ?If., I buried an ant from the same nest under the 
earth, and left her there till 5 P. 1\1., "rhen I uncovered her. She 
,vas none the worse, but during the ,vhole time not one of her friends 
had taken the least notice of her. 
Again, 
eptemher 1st, I arranged some honey in the same way
 
At 5 P. 
I. about fifty ants were at the honey, and a considerable 
number were passing to and fro. I then buried an ant as b
fore, of 
course taking one from the same nest. .1\t 7 P. u. the number of 
ants at the honey had nearly doubled. At 10 P. M. they were still 
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more numerous, and had carried off about two-thirds of the honey. 
At 7 .A..)1. the next Inol'lling the boney was -all gone; two or three 
ants \vere'still wandering about, but no notice had been taken of t1J(
 
pri
oner, ,\
hOnl 1 then let out. In this calbe I allo,ved the honey to 
be finished, becaus(l I thought it might perhaps be alleged that the 
cxcitenH
nt produced by such a treasure distracted their attention; 
or even, on the principle of doing the greatest good to the greatest 
number, that they were intelligent1y wise in securing a treasure of 
food before they rescued their cOlllrade, who, though ill confincment, 
'was neither in pain nor danger. 
o far as the above 3nt8, llo,,'eyer, 
are concerned, this cannot Lc urgeù. I n1ay add that I repeatcd tlw 
sallie experiment several tinles, in sonle ca
es with another species, 
1.1I!J}'}uica 'J'uginodis, and always with the sanle r(Osults. 
...\nts have been Hluch praised on account of their affection for 
their friends. In this re
pect, howe\Ter, they seem to vary great1y. 
..At any rate, anyone who has ,vatched them' much lllUSt have met 
with very contradictory facts. I l1ave often put ants which "-C1'e 
smeared with a sticky sUDstance on the boards attacl)ed to ill)' nests, 
and very rarely indeed did their companions take any notice of or 
seek to disentangle them. 
I then tried the following experiment: A number of the s111a11 
ycllow ants (L. .flavus) ,,?ere out feeding on SOlne honey. I took five 
of them, and also five others of the saIne species, but fronl a different 
n<::--t, chloroformed tLem, und put them close to the honey, and 011 
the! 'path which the auts took in going to and from the nest, so tlJat 
these conl(l not l)tlt see thenl. The grass on which the ho))ey \"as 
plnceù 'ra5 surrounded by a moat of water. This, t hen, gave Jne 
an opportunity of testing both ho,v far they 'would be disposed to as- 
si
t a helpless feHow-creature, and what differeÍ1ce they would make 
between their nest-conlpauions an (1 strangers from a diffl'rellt COli1- 
munity. The chloroformed ants 'were put down at ten in the 
morning. For more tha11 an }Jour, though n1any rrnts caIne up and 
touched them 'with their anteBna
, none of them did more. At 
length one of the strangers "ras pieked up, carried to the edge of the 
glass, and quietly thrown, or rather dropped, into the water. Shortly 
afterward a friend ,,'as taken up and treated the same' way. By 
degrees they were all picked up and thrown into tIle water. One of 
the strangers was, indeed, taken into the nest, but in about half an 
JI0lU. she was l)l'ouo-ht out aaaill and thrown into the water like 
o .b 
the rCðt. I repeated this experiment with fifty ants, balf friends 
and naIf strangers._ In each case twenty out of the twenty-five 
ants w'cre thrown into th
 ,vater as descri bed. A fc,v "'ere left 
lying where they were placed, and these also, if 'we hall watched 
longer, ,,
oula no doubt have been also treated in th
 same way. 
One out of the twenty-five friends, and three out of the t,venty-five 
strangers, were carried into the nest, but they were an brought out 
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again and thrown away like the rest. Under such circumstances, 
then, it scems tbat ants make no difference between friends and 
strangers. 
It may, ho\vever, be said in this experiment that, as ants do not 
recover from chloroform, and these ants were therefore to all intents 
and purposes dead, we should not expect that much difference would 
be made between friends and strangers. I therefore tried the same 
experiment, only, instead of chlorofo
ming the ants, I made them in- 
toxicated. This was a rather Illore difficult experiment. No ant would 
voluntarily degrade herself by getting drunk, and it was not easy in 
all cases to hit off the requisite degree of this compulsory intoxicati9n. 
In all cases they ,vere nIade quite drunk, so that they lay helplessly 
on their backs. The sober ants seemed much puzzled at finding their 
friends in this helpless and discreditable condition. They took them 
up and carried them about for a while in a sort of aimless way, as if 
they did not know what to do with their drunkards, any more than 
we do. Ultimately, however, the results were as follows: The ants 
removed twenty-five friends and thirty strangers. Of tbe friends, 
twenty \vere carried into the nest, \vhere no doubt they slept oft. the 
effect of the spirit-at least, we sa\v no more of them-and five were 
thrown into tbe water. Of the strangers, on the contrary, twent.y- 
four were thro,vn into the water; only six were taken into the nest, 
and four of these ,vere shortly afterward brought out again and thrown 
awa y. 
The difference in the treatment of friends and strangers was, there- 
fore, most marked. 
Dead ants, I may add, are always brought out of the nest, and I 
have more than once found a little heap on one spot, giving it almost 
the appearance of a burial-ground. 
_ I have also made some experiments on the po,ver possessed by 
ants of remembering their friends. It will be recollected th
t Huþer 
gives a most interesting account of the behavior of some ants, which, 
after being separated for four months, when brought together again, 
immediately recognized one another, and "fell to nlutual caresses 
with their antennæ." Forel, however, regards these movements as 
having indicated fear and surprise rather than affection, though he 
also is quite inclined to believe, from his own observation, that ants 
would recognize one another after a separation of some months. 'l"he 
observation recol'ded by IIuber was nIade casually; and neither he 
nor anyone else seems to have taken any steps to test it by subsequent 
experiments. The fact is one, however, of so much interest, that it 
seemed to me desirable to make further experimcnts on the subject. 
On the 4th of August, 1875, therefore, I separated one of my nests of 
F. f
t8C(t into t,vo halves, which I kept entirely apart. 
I then from tittle to time put an ant from one of these nests into 
the other, introducing also a stranger at the same tinIc. The stranger 
VOL. XI.-4 
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was driven out, or sometimes e,.en killed. The friend, on the con- 
trary, was never attacked, though I anl hound to say that I could see 
no signs of any general welcome, or that she was taken any partIcular 
notice of. 
I will not trouble you with all the evidence, hut will content lllY- 
sc1f with one case. 
On the 12th November last-that is to say, after the ant had been 
separated for a year and three months-I put a friend and a stranger 
into Olle of the divisions. The friend seemed quite at bOllle. One of 
the ants at once seized the stranger by an antenna, and began dragging 
her about. At- 
11.45.- The friend is quite at home with the rest. The stranger is 
being dragged about. 
12.-The friend is all right. Three ants no\v have hold of the 
stranger by her legs and an antenna. 
12.15.-Do. do. 
12.30.-Do. do. 
l2A5.-Do. do. 
1.- Do. do. 
1.3o.-Do. One now took hold of the friend, but soon seemed to 
find out her n1Ïstake and let go again. 
1.45.-The friend i8 all right. The stranger is being attacked. 
The friend also bas been almost cleaned; while on the stranger the 
color has been scarcely touched. 
2. 15.---.-Two ants are licking the friend, while another pair are hold- 
ing th
 stranger by her legs. 
2.30.-The friend is now allllost clean, so that I could only just 
perceive any color. The stranger, on the contrary, is almost as much 
colored as ever. She is now near the door, and I "think would have 
come out, but t\VO ants met her and seized bel'. 
3.-Two ants are attacking the stranger. The friend was no 
longer distinguishable from the rest. 
3.30.-Do. 
4.- Do. 
5.- Do. 
G.-The stranger now escaped from the nest,. and I put. her back 
among her own friends. 
The difference of behavior to these two ants was most marked. 
The friend was gradually licked clean, and, except for a fe\v moments, 
and that evidently by mistake, was never attacked. Thc stranger, 
on the contrary, ""as not cleaned, was at once seized, was dragged 
nhout for hours with only a fc,v minutes' interyal, hy one, two, or 
three a

ailallt
, and at length made 11er escape from the nest at a tilne 
when no other ant was out. 
In 1n08t 
pecies of ants the power of SlllCll is very keen. I placed 
ants 011 a strip of paper, each end of which 'was support
d on a pin, 
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. 
the foot of which was immersed in ,vater. They then ran back\vard 
and forwar(l along the paper, trying to escape. If a camel's-hair l)en- 
cil be susl)ended just over the paper, they l)ass under it without tak- 
ing any notice of it; hut if it be scented, say ,vith lavender-water, 
they at once stop when they come near it, showing in the most unmis- 
takable manner that they perceive the odor. This sense al)pears to 
reside, though not perhaps exclusively, in the antennæ. I tethered, 
for instance, a large specimen of FornÛcct ligniperda ,vith a fine thread 
to a board, and 'when she "'as quite quiet I approached a scented 
camel's-hair pencil slowly to the tip of the antenna, which ,vas at O1l0e 
withdra,vn, though the antenna took no notice of a sin1Ïlar })encil, if 
not scented. 
On the other hand, as regarcls their sense of hearing, the case is 
very different. Approaching an ant which was standing quietly, I 
have over and over again made the loudest and most shrill noises I 
could, using a penny pipe, a dog-whistle, a violin, as well as the most 
piercing and startling sounds I could produce with my own voice, 
without effect. At the same time I by no means would infer from this 
that they are really deaf, though it certainly seems that their range of 
hearing is very different from ours. 'Ve know that certain allied 
insects produce a noise by rubbing one of their abdon1Ïnal rings 
against another. J
andois is of opinion that ants also make f'ounds in 
the same way, though these sounds are inaudible to us. Our range 
is, however, after all, very lin1Ïted, and the universe is probably full 
of music which we cannot perceive. There are, moreover, in tbe an- 
tennre of ants certain curious organs which may l)erhaps be of an 
auditory character. There are from ten to a dozen in the terminal 
segment of Las ius flrtvus, the sn1all meadow ant, and, indeed, in most 
of the species 'which I have examined, and one or two in each of the 
short intermediate segments. These organs consist of three parts: a 
small, spherical cup opening to the outside, a long, narrow tube, and a 
holIow body shaped like an elongated clock-weight. They may serve 
to increase the resonance of sounds, acting, in fact, to use the words 
of Prof. Tynd:111, who was good enough to look at them with lue, like 
microscopic stethoscopes. 
The organs of vision are in most ants very complex and conspicu- 
ous. There are generally three eyes arranged in a triangle on the top 
of their heads, and on each side a larO'e com ] )ound e y e containincr 
. b ð 
sonletlmes more than t,,
o thousand facets l)et"
een tl)enl. N cverthe- 
less, the sight of ants does not seem to be very good. In order to 
test ho,v far ants are guided hy vision, I made the following experi
 
n
ents: I placed 
 comn1on lead-pencil on a board, fa
tening it up- 
rIght, so as to seryc as a lanclnlark. At the base I t.lwn placed a glaRs 
containing food, and then put a L. mille1- to the food; wben she knew 
her way frOIn the glass to the nest and back again perf(\('tly well, slle 
,vent quite straight backward and for"
anl I then took an oppor- 
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tunity 
vhen the ant was on the glass, and moved the glass with the 
ant on it, about three inches. N o,v, under such circumstances, if she 
had been much guided by sight, she could not of course have had any 
difficulty in finding her way to the nest. As a matter of fact, however, 
she was entirely at sea, and, after wandering about for some time, got 
back to the nest by another and very round-about route. I then agàin 
varied the experinlent as follows: I placed the food in a small china 
cup on the top of the pencil, which thus formed a column seven and 
a half inches high. When the ant once knew her way, she went very 
straight to and from the nest. This puzzled bel' very much; she went 
over and over the spot where the l)encil had previously stood, retraced 
her steps several times almost to the nest, and then returned along 
the old line, showing great perseverance, if not much power of vision. 
I then moved the l)encil six inches. She found the pencil at last, but 
only after many meanderings. 
I then repeated tbe observation on three other ants, with the same 
result; the second ,vas seven minutes before she found the pencil, and 
at last seemed to do so accidentally; the third actually wandered 
about for no less than half an hour, returning up the pal)er bridge 
several times. 
Let us compare this relatively to man. An ant measuring say 
one-sixth of an inch, the pencil, being seven inches high, is conse- 
quently forty-two tiDles as long as the ant. It bears, therefore, some- 
what th
 saIne relation to the ant as a column two hundred and fifty 
feet high does to a man. The pericil having been moved six inches, 
it is as if a man in a country he knew well would be puzzled at being 
moved a few hundred feet, or, If l)ut down in a square containing less 
than an acre, could not find a column two hundred and fifty feet high, 
that is to say, higher than the Duke of York's column. 
Another evidence of this consists in the fact that if, when my L. 
nigers were carrying off food placed in a cup on a piece of board, I 
turned the board round so that the side which bad been turned to".- 
ard the nest was away from it
 and vice versa, the ants always re- 
turned over the same track on the board, and consequently directly 
away from home. If I moved the board to the other side. of my arti- 
ficial nest, the result was the S3me. Evidently they followed the road, 
not the direction. 
It is rerp.arkable tl1at ,,"e do not even now know exactly hO"7 an 
ants' nest is begun. .\Yhether they always comm
nce 
s a culony 
from sonlC older establishment; whether wandering worl
ers who 
chance to find a queen under certain circunlstances remain with hpr 
ana begin a new nest; or ,vhethcr thp queen ant, like the queen 
lvasp, forms a cclJ for herRelf, and then brings up a few ,yorkers, who 
afterw"arcl take upon themselves the labors of the family, aF: yet ".e 
know not. 'Yhcn once started, the communities last for years, being 
kept up by a succession of individuals. The queens themselves 
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rarely or never quit the nest, but receive their food from the work- 
ers, and indeed appear to do nothing except lay eggs. 
A nest of ants must not be confused .with an ant-hill in the ordi- 
nary sense. Very often, indeed, a nest has only one d,velling, and in 
most species seldom more than three or four. Some, however, form 
numerous colonies. 1\1. Forel even found a case in ,vhich one nest of 
F. exsect
 had no les's than two hundred colonies, and Occul)ied a cir- 
cular space with a radius of nearly two hundred yards. 'Vithin this 
area they had exterminated all. the other ants, except a few nests of 
1 apinon'la erratic'um, which survived, thanks to their great agility. 
In these cases the number of ants thus associated together must bave 
been enormous. Even in single nests Forel estimates the numbers at 
from 5,000 to 500,000. 
In their modes of fighting, different species of ants have their sev- 
eral peculiarities. Some, also, are much less military than others. 
.J.
IY1"mecina Latreillii, for instance, never attack, and scarcely even 
defend themselves. Their skin is very hard, and they roll themselves 
into a LaIl, not defending themselves even if their nest is invaded; 
to prevent which, however, they make the entrances small, aud often 
station at each a worker, who uses her head to stop the way. The 
smell of this species is also, perhaps, a protection. Tetramorium cæs- 
l)itlln
 has the habit of feigning death. This species, however, does 
not roll itself up, but merelyapl)lies its legs and antennæ closely to 
the body. 
Formica rufa, the COlnmon horse ant, attacks in serried masses, 
seldom sending out detachments, while single ants scarcely ever make 
individual attacks. They rarely pursue a flying foe, but give no quar- 
ter, killing as many enemies as possible, and never hesitating, with 
this object, to sacrifice themselves for the common good. 
- Formica sanguinea, on the contrary, at least in their slave-making 
expeditions, attempt rather to terrify than to kill. Indeed, when they 
are invading a nest, they do not attack the flying inhabitants unless 
they are attempting to carry off pupæ, in which case they are forced 
to abandon the pupæ. When fighting, they atten1pt to crush their 
enemies with iheir mandibles. 
F01"nÛCa exsecta is a delicate but very active species. They, also, 
advance in serried n13sses, but in close quarters tbey bite right and 
left, dancing about to avoid being bitten themselves. When fighting 
with larger species they spring on to their backs, and then seize them 
by the neck or by an antenna. They also have the instinct of com- 
bining in small })arties, three or four seizing an enen1Y at once, and 
then pulling different ways, so that she, on her part, cannot get at any 
one of her foes. One of them then jumps on her back and cuts, or 
rather saws, off her head. In battles between this ant and the much 
larger F. jJratensis, many of the latter may be seen, each with a little 
F. exsecta on her back, sawing off her head from behind. 
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One might, at first sight, be dis!)osed to consider that the ants 
w.ith stings must have a great advantage over those ,vith none. In 
S01l1e cases, however, the poison is so strong that it is sufficient for it 
to touch the foes to place them hOTs de corhbat, or at least to render 
them incapacitated, with eyery appearance of extreme pain. Such 
species have tbe abdomen unusually mobile. 
The species of Lasius n1ake up in nunlbers ,vhat t]jey want in 
strength. Several of them seize an enemy at once, one by each of her 
legs or antennæ, and, when they have once taken hold, they ,vill suf- 
fer themseh"es to be cut in pieces rather than let go. 
Polyerglls rufescens, the celebrated slave-making or Amazon ant, 
has a mode of combat ahnost peculiar to herself: The jaws are very 
powerful and pointed. If attacked - if, for instance, another ant 
seizes Jjer by a l
g-she at once takes her enemy's head into her ja,,"s, 
which generaIly rnakes her quit her hold. If sbe does not, the Polyer- 
[Ius closes her mandibles, so that the !)oints pierce the brain of her 
enemy, paralyzing the nervous system. The victiln falls in convul- 
sions, setting free her terrible foe. In this lnanner a conlparatively 
small force of Polyergus will fearlessly attack much larger armies of 
other species, and suflèr themf\elves scarcely any loss. 

Iuch of what has been said as to the powers of communication 
possessed by bees and ants depends on the fact that, if one of them 
in the course of her rambles has discovered a supply of food, a num- 
ber of others soon find their way to the store. This, however, does not 
neeessari1y imply any power of describing localities. If the bees or 
ants merely follow their more fortunate companion, or if they hunt 
her by scent, the mattei- is comparatively siml)le; if, on the contral]', 
the others haye the route described to them, the case beconles very 
different. To determine this, therefore, I bave made a' great number 
of experiments, of which, ho'wever, I will here only mention a few. 
Under ordinary circumstances, if an ant discovers a stock of food, she 
carries as much as possible away to the nest, and then returns for 
mOTe, accompanied generally by several friends. On their return, 
these bring others, and, in this ,vay, a string of ants is soon estab- 
lished. Unless, tberefore, various precautions are taken-and this, so 
far as I know, has never been done in any of the !)revious observa- 
tions-the experiment really t
lls very little. 
I therefore made the following arrangement: One of my nests 
of the small bro,vn garden ant, Lasius niger, was connected "rith a 
l)oard, on which I was in the habit of placing a supply of food and 
water. At a short. distance from the hoard I placcd two glasses 
(b b'), and on b I placed some food. I then connected the glass b 
with the board (( by three slips of paper, c, <7, e, and put an ant to the 
food. She carried off a supply to the nest, returning for more, and 
so on. Several friends can1C with her, and I ilnprisoned them till the 
experiment was over. When she had passed several times over the 
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paper bridges, I proceeùed as follows: Any friends ,vho came with 
her were exclu(led from the bridges when she was on them. If she 
was not there, as soon as a friend arrived at the bridge c, I took up e 
in my fingers and rubbed it lightly, with a view of reIlloving or blur- 
ring the scent; and as soon as the ant arrived on d I took up the 
bridge c, and put it across the chasm from d to b'. N O'V, if the ant 
went by description, she would of conrse cross e to b. If, on the 


. 


a 


c 


b 


b 


other hand, she went by scent, then she would be at the least as 
likely to go over c to b'. The results were that, out of about one hun- 
dred and twenty- friends who passed over d, only twenty ,vent to the 
food, while nearly one hundred l)assed over c to the empty glass. 
In this case the friends gener'any came more or less in sight of one 
another to the bridge c, and, once there, could hardly avoid arriving 
ei_ther at b or b'. I therefore modified the experiment as follo'\vs: I 
established and endowed an ant as before, inlprisoning the friends 
who came with her. ",Vhen she got to know her way thoroughly, 
I allowed her to return to the nest on her o,vn legs, but as soon 
as she emerged again I took her up and transferred her to the 
food. 
Under these circun1stances, as will be seen, very few ants indeed 
ever found their way to the food. I began this at 5.30, when she 
returned to the nest. At 5.34 she came out ,vith no less than ten 
friends, and "
as then transferred to tbe food. The others ,vandered 
about a little, but by degrees returned to the nest, not one of them 
finding her way to the food. The first ant took some food, returned, 
and again rame out of the nest at 5.39 with eicrbt friends when ex- 
'-' b , 
actly the same happened. She again came out- 
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At 5.44 ,,"ith 4 friends. At 6.44 with 0 friends. 
" 5.47 " 4 " " 6.46 " 3 " 
" 5.49 " 1 " " 6.49 " 2 " 
" 5.52 " 6.56 
" 5.54 " 5 " " 6.59 
" 5.58 " 2 " " 7.2 " 2 " 
" 5.59 " 2 " " 7.4 
" 6.1 " 5 " " 7.6 " 3 " 
" 6.4 " 1 " " 7.8 " 3 " 
" 6.7 " 7.10 " 5 " 
" 6.11 " 3 " " 7.13 
" 6.14 " 4 " " 7.17 " 3 " 
" 6.17 " 6 " " 7.19 " 7 " 
" 6.20 " 7.21 " 5 " 
" 6.23 " 5 " " 7.24 " 
" 6.25 " 6 " " 7.26 ,;, 3 " 
" 6.29 " 8 " " 7.29 " 1 " 
" 6.32 " 2 " " 7.31 " 2 " 
" 6.35 " 7.35 
" 6.42 " 4 " 
(39 journeys: 11 alone, 28 with 120 friends.) 


Thus, during these two hours, more than one hundred and twenty 
ants came out of the nest, in company w-ith tbe one under observa- 
tion. She" knew her way perfectly
 and it is clear that, if she bad 
l)een left alone, all these ants would have accompanied her to the store 
of food. Three of them were accidental1y allowed to do so, but of 
the renlainder only five found their way to the food; all the others, 
after wandering about awhile, returned empty-handed to" tbe nest. 
I conclude, then, that "when large numbers of ants come to food 
they fol1o\v one another, being also to a certain extent guided by 
scent. The fact, therefore, does not imply any considerable power 
of intercommunication. There are, moreover, some circumstances 
. 
which seem to point in an opposite direction. For instance, I have 
already mentioned that if a colony of Polyergus changes the situation 
of its nest, t.he masters are all carried to the new one by the slaves. 
Again, if a number of F. fusca' are put in a box, and in one corner a 
dark place of retreat is provided for them ,,"ith some earth, one soon 
finds her way to it. She then comes out again, and, going up to one 
of the others, takes her by the jaws. The second ant then rolls her- 
self into a heap, and.is carried off to the place of shelter. They then 
Loth repeat the same manæuvre with other ants, and so on until all 
thiir companions are collected together. N ow, it seems to me diffi- 
cult to imagine that so slow a course would be adopted if they pos- 
sessed any power of communicating description. 
On the other hand, they certainly can, I think, transmit simpler 
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ideas. In support of this I may adduce the following experiment: 
Two strips of paper ,vere attached to the board just Inentioned (p. 
54), and parallel to one auother, and at the other end of each I placed 
a piece of glass. In the glass at the end of one tape I placed a con- 
siderable number (three to six hundred) of larvæ. In the second I 
put two or three larvæ only. I then took two ants, and placed one of 
them to the glass with many larvæ, the other to that ,yith two or 
three. Each of them took a larva and carried it to the nest, return- 
ing for another, and so on. After each journey I put another larva in 
the glass with only two or three larvæ, to replace that 'which had 
been removed. N ow, if other ants came under the above circum- 
stances as a mere matter of accident, or accompanying one another 
by chance, or if they simply saw the larvæ which ,yere beiug brought, 
and consequently concluded that they might themselves also find 
larvæ in the same place, then the numbers going to the two glasses 
ought to be approximately equal. In each case the number of jour- 
neys made by the ants would be nearly the S;1me; consequently, if it 
were a matter of smell, the two routes would be in the sallIe condi- 
tion. It would be impossible for an ant, seeing another in the act of 
bringing a larva, to judge for itself whether there ,yere fe\v or many 
larvæ left behind. On the other hand, if the strangers were brought, 
then it would be curious to see whether nlore were brought to the 
glass with many larvæ than to that ,ybich only contained two or 
three. I should also mention that every stranger was inlprisoned 
until the end of the experiment. I win select a few of the results: 
EXPERIMENT I.-Time occupied, one hour. The ant with few 
larvæ made six visits, and brought no friends. The one with manv 
,'-' 01 
larvæ made seven, and broug'ht eleven friends. 
EXPERUIEYl' 3.- Time occupied, three hours. The ant with few 
larvæ made twenty-four journeys, and brought five friends. The one 
with many larvæ made thirty-eight journeys, and l)rought twenty-two 
friends. 
EXPERIMENT 5.-Tilne occupied, one bour. The ant with few 
larvæ made ten journeys, and brought three friends. The other made 
five journeys, and brought sixteen friends. 
EXPERI
IENT 9.-Titne occupied, one hour. The ant ,vith few 
larvæ made eleven journeys, and brought one friend. The one with 
lllany larvæ made fifteen journeys, and brought thirteen friends. 
EXPERDrENT 10.-1 now reversed the glasses, the same two ants 
being under observation; but the ant which in the l}revious observa- 
tion had fe,v larvæ to carry off now consequently had many, and vice 
versa. Time occupied, t\VO hours. The ant with few larvæ made 
twenty-one journeys, and brought one friend. The one ,vith many 
]arvæ made twenty-two journeys, and brought twenty friends. These 
two experiments are, I think, especially striking. 
Taken as a whole, I found that in about fifty hours the ants which 
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had access to many lar,.æ brought two hundred and fifty-seven friends, 
".hile those ,"biting a glass with few larvæ only brought eighty-two. 
The rc
mlt "ill appear still more striking if we remember that a cer- 
tain number, say perhaps twenty-five, would have come to the larvæ 
anyhow, which would 1nake the nunlbers two hundred and thirty-t".o 
as against fifty-seven, a very striking difference. 
I ba\re elsewhere discussed the relations of flow.ers to insects, and 
e8pecially ,vith bees, and particularly the mode in which the flowers 
,vere nlodified so that the bees might transfer the pollen from one 
flower to another
 Ants are also of considerable importance to 
plants, especially in keeping down the nunlber of insects 'which feed 
on them. So far as I know, however, there are no plants which are 
specially modified in order to be fertilized by ants; and, indeed, even 
to those small flowers which any little insect might fertilize, the :visits 
of ,vinged insects are much more advantageous, because, as 1\11'. Dar- 
win has shown in his excellent ,,"ork on cross and self fertilization of 
plants, it is important that the pollen should be brought, not only 
from a different flo,ver, but also from a different l)lant, ".hile creeping 
insects, such as ants, ,vould naturally pass from flower to flower of 
the same plant. 
Under these circumstances it is important to plants that ants 
should not obtain access to the flo\vers, for they would otherwise rob 
them of their honey without conferring on them any compensating 

dvantage. Accordingly, we not only find in flowers val'ious modes 
of attracting bees, hut also of excluding ants; and in this way ants 
have exercised more influence 'on the vegetable kingdom than might 
be supposed. Sometimes, for instance, the flowers are protected by 
chevaux-de-frise of spines and fine hairs pointing do,vnward (Carlina, 
Lamiunl,); S01ne have a number of glands secreting h" glutinous 
substance, over which the ants cannot pass (Linnæa, gooseberry); in 
others the tube of the flo,ver is itself very narrow, or is aln10st 
closed either by hairs or by internal ridges, which just leave space 
for the proboscis of a bee, but no more. Lastly, some, and especially 
pendulous flowers (Cyclamen, snowdrop), are so smooth and slippery 
that ants cannot easily enter them, but often slip off in the 
ttempt, 
and thus are excluded, ju
t as the pendulous nests of the weaver-birds 
preclude the entrance of snakes. This, however, is a large subject, 
into which I cannot now enter. 
Let me, in conclusion, once more say that, as it seems to 111C, not- 
withstanding the la1)o1'8 of those great naturalists to w}1om I grate- 
fuHy referred in comm
ncing, there are in natura] history few more 
].romising or extensive fields for research tban the habits of ants.- 
Fortni[Jhtly Review. 
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TilE NEW STAR IN THE CONSTELLATION OF 
THE S'V AN.l 


By AMÉDÉE GUILLE.MIN. 


T HE phenomenon of a new star appearing in the heavens is suf- 
ficiently rare to strike the imagination of the public, as well as to 
attract the attention of scientific men. On the one sid , it possesses 
all the interest which attaches to the unexpected, to 
 e 11) ysterious 
unkno,vn; and, on the other, it raises some very import nt questions 
as to the physical and chemical constitution of the stars, and as to the 
likeness between those distant suns and our own. But now l110re 
than ever before, more even than in the first moiety of the nineteenth 
century, is such curiosity justified, inasmuch as the lle\V means- of 
investigation in the hands of astronomers give promise of revealing, 
at least in a great measure, the nature of the' strange transformations 
which give rise to these apparitions. 
Before we consider the quite recent discovery made by Julius 
Schmidt, dir3ctor of the observatory at Athens, let us make a brief 
revie,v of the apparitions which preceded it. 
Everyone has seen in works on astronomy the account of the 
famous temporary star of 1572, which appeared during the month of 
November in the constellation of Cassiopeia, all of ,vhose phases were 
observed by Tycho Brahe. Its extra'ordinary scintillation; its bright- 
ness, equaling and surpassing Vega, Jupiter, Sirius, and even Venus 
,vben in quadrature, so that it was visible at high noon; finally, its 
i;udJen diminution and disappearance after seventeen months of visi- 
bility, all conspired to give to this star an extraordinary celebrity. 
In 1600 a new star appeared in the S,van, and 'was studied by 
I(epler; then it disappeared in 1621, was again visible in 1655, and 
at sundry times after'ward; it is still visible. 
Thirty years after the disappearance of the new star in Cassiopeia 
appeared the star in Serpentarius discoT"ered by Brunowski in October, 
1604, and which had for its observer and historian the great Kepler. 
It ,vas visible for eighteen months, and. ,vhile it did not equal in 
brightness the star of 1572, it surpassed the stars of first magnitude, 
and even Jupiter itself. 
In 1670 a third temporary star was discoycred hy the Carthusian 
..Anthelme, in that part of the constellation of the Fox which is nearest 
to ß of the Swan. At the time of its apparition, or rather of its dis- 
covery, J nne 20th, it was of the third magnitude. .l\bout August loth 
it was only of the fifth magnitudc, anel three months later it disap- 
peared, reappearing on 
Iarch 17, 1671, with the lustre of a star of 
1 Translated from the French by J. Fitzgerald, A. M. 
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the fourth magnitude. The temporary stars of 1572 and 1604 had 
ùirected the attention of astronomers to the variableness of the light of 
stars; and already, in 1050, Bouillaud had approximately detern1Ïned 
the period of :ßlira Ceti, or the star 0 in the constellation of the "Thale. 
Cas8ini, who observed sensible variations in the star of the }1....ox, sup- 
posed that its period could be fixed at ten months; but it was 
ought 
for in vain in February, 1672; it did not reappear till the end of 
l\Iarch, being at that time of the sixth magnitude; then it disappeared 
once more, and bas since never been seen. 
Between the star of the Fox and the star discovered on April 28, 
1848, by Hind in Ophiuchns (or Serl)entarius), 177 years elapsed. The 
star of 1848, w'hich was of a dark yellow or reddish color, did not ex- 
ceed the fifth magnitude, but the yariations of its light were care- 
fully studied during the whole period of its visibility. In 1850 it was 
hardly of the eleventh magnitude, and t}1Ïs magnitude it has since 
kept. 
Here ,ve may refer to the researches nlade since Cassini's time 
into ancient ,vritings, whether European or Chinese, which show that 
many similar apparitions of new stars have been noted in chronicles 
and afterward forgotten: for instance, the star of the year 125 B. c., 
observed by IIipparchus, as we learn from Pliny; another, which ap- 
peared in the Emperor Hadrian's time; the new st ar seen in the constel- 
lation of the Eagle in the year 389, and which possessed a brilliancy 
resembling that of Venus; that seen in the Scorpion in the ninth cen- 
tury; the ne"w stars of the )"ears 945' and 1264, both of which nlade 
their appearance in very nearly the same part of tbe heaveus between 
Cepheus and Cassiopeia. 
Before we come to the two latest temporary stars, which have 
succeeded each other in an interval of ten and a half years, and which 
are worthy of a detailed description, let us briefly state the questions 
to which these apparitions have given rise among astronomers, and 
the hypotheses which have been offered for their solution. 
To what causes must we refer the nearly ahvays sudden appari- 
tions of these strange bodies, their variations of lustre, their inter- 
mittence, as also their changes of color? Why is it that, after alter- 
nations of great lustre and of paling, their light gradually faded 
away, and what is the cause of their ultimate disappearance? 
A thousand conjectures have been made in the effort to answer 
this question. Anlong the weightiest of these, tlle one which COIn- 
pares temporary stars to variable periodic stars lnust be rejected at 
once-not on the grou
d that these two classes of stars are absolutely 
distinct, but because the periodicity being due, chhe.' to a movement 
of rotation or to occultation on the one hand, or to a phenomenon 
peculiar to the star itself on the other, the first hypothesis is clearly 
inadmissible for the explanation of new stars, and the second is pre- 
cisely the question to be solyed. 
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Tycho Brahe, struck with the suddenness' of the appearance of the 
star of 1572, and its position on the edge of the l\filky-'Vay, offered a 
bold hypothesis which is now abandoned. He believed in a creation, 
or at least in the spontaneous incandescence of the nebulous matter 
of which he supposed the l\Iilky- W ay to be composed: when'the new 
star vanished, the place it had occupied was void, or at lea8t Brahe 
saw, in the absence .of nebulosity at that spot, the result of the con- 
densation of the matter the combustion of which had produced an 
appearance resembling a star. IIumboldt justly COlnpares this view, 
,vhirh at all events was an ingenious one, with the views held by W. 
Herschel as to the transformation of nebulæ into stellar masses. In 
Tycho Brahe's time it ,vas not known that the light of the l\Iilky- 
Way results from the aggregation of an indefinite number of stars, 
or stellar masses, and that it is within this immense agglomeration 
and in its vicinity that the nebulæ properly so called are rarest. 
Beside
, it has been proved that the stars known as " new" stars 
are anything but new. In the spot where th
 star of Ophiuchus made 
its appearance in 1848, there had previously been a star, noted by 
Lalande in Fortin's ".Atlas Céleste" as a vanished star. So, too, the 
ne\v star which appeared in JUay, 1866, in the Corona Borealis, and 
which at the start reached the second 111agnit
lde, had been already set 
down in catalogues as a star of the ninth magnitude; it still possesses 
the same lústre it had before it underwent, during the six months of its 
apparition, the extraordinary augmentation 'v hich attracts to it the 
attention of astronomers. Hence astronomers no longer believe in tbe 
creation or in the destruction of these stars. Before the sudden in- 
candescence ,vhich makes thenl visible, they occupied the same places, 
and there they still remain after their more or less perfect extinction. 
It remains to inquire into tbe physical causes which produce these 
variations of lust.re. l 
Spectrum analysis has provided the first positive elements for the 
solution of this problem.. As late as the year 1848 this method was 
as yet unknown; but when in 1866 the variable star of the Northern 
Crown (Corona Borealis) appeared, spectrum analysis was already so 
developed as to be profitably applied to the observation of it. The 
results obtained by Huggins and )Iiller in these researches were 3S 
follows: 


1 It is worth while to observe the ease with which these knotty questions are dis- 
pased of by persons who are wont to invoke supernatural agencies. Here is an instance 
dating from the seventeenth century, but similar instances may be found in our own 
time: Father Riccioli, as an explanation of the appearance of secondary stars, suggested 
the idea that some stars are luminous on one side; and whenever God would "exhibi
 to 
men some extraordinary sign, he turns toward them the luminous side (previously turned 
away from the earth) by causing the star to rf;volve about suddenly, either by the agency 
of some ip.telligent being, or in virtue of some faculty inherent in the star itself; then, 
by making another simiIar revolution, it suddenly vani
hes, or pales gradually, like the 
moon in its phases." The explanation offered by the learned Jesuit is both ingenious 
and convenient. But, unfortunately, astronomers nowadays are not satisfied with it. 
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" The spectrum of the variable star of Corona Borealis is found to consist of 
two superposed spectra, the one made up of four bright lines, and the other resem- 
bling the solar spectrum, each resulting from the decomposition of a group of 
luminous rays independent of the light which produces the other. The continuous 
spectrum, furrowed with groups of dark rays, indicates the l)resence of a photo- 
sphere of incandescent matter, almost certainly solid or liquid, and surrounded 
by an atmosphere of cooler vapors, which produce by absorption the groups of 
darker lines. So far the constitution of this star resembles that of the sun; but 
it offers an additional spectrum composed of bright lines. Here, then, is a second 
source of special light, and this source must be a luminous gas. Furthermore, 
the two principal bright lines of this spectrum show that this gas consisted 
mainly of hydrogen; and' their great brightness proves that the temperature of 
the luminous gas was higher than that of the photosphere.' These facts, taken 
in connection with the suddenness of the outburst of light in the star, its im- 
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FIG. t.-SPECTRUM: OF THE VARIABLE STAR IN CORONA BOREAUS. (From Huggins and :MiIler.) 


mediate and rapid diminution of brightness, and its decline, in the course of 
twelve days, from the second to the eighth ll1agnitude, lead us to the conclusion 
that the star was suddenly enveloped in hydrogen-flames. Possibly it was the 
scene of some ll1ighty convul8ion, with disengagement of an enormous amount 
of liberated gas. A great portion of this gas waB hydrogen, w hicb burned on 
the surface of the star by combining "ith some other element. The light given 
forth by this flaming gas was characterized by the spectrmn with bright lines. 
The spectrum of the other portion of the star's light probably showed that this 
terrible conflagration of gas had surcharged and rendered ll10re vividly incan- 
descent the solid matter of the photosphere. 'Vhen the free llydrogen had been 
exhausted, the flame died away by degrees., the photosphere became less lumi- 
nous, and the star returned to its formCl
 state. . . . 'Ve must not forget," adds 
:Mr. Huggins, "that light, though it travels with such gre
t velocity, neverthe- 
less requires a certain time to come to us from the star. Hence this grand physi- 
cal convubion, thongh new to us, waa a thing of the past as regards the star it- 
self. In 18GG the star had already for years been in the new conditions produced 
by this violent catastrophe." 


The solar protuberances had not as yet been directly analyzed in 
1866; it ,vas not yet known that a continuous stratum of incandescent 
hydrogen ('nvelops the bright photosphere of the sun, and that the 
emission of this gas, in the forn) of irregular j('ts, undergoes in the 
sun variations, phascR, ,dlich a1'(, at least 80 far related to tlw sun- 
spots as to be coincident with them. 'Yhat nlighty physical 1'evolu- 
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tion was it that suddenly produced the incandescence of the sun of 
the Corona, transforming it from a star of the ninth to one of the 
second magnitude? 
'Vhat would become of our planet were such a re\'olution as this 
to take place in the sun, and were the calorific and luminous radiation 
to be suddenly increased a hundred-fold? 
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FIG. 2.-SPECTRUM OF THE NEW STA.R IN THE CONSTELLATION OF THE SWAN. (From Cornu.) 


But let us cOlne to the new star of the Swan, \vhich is the nlain 
object of this article. Here is a very brief narrati ve of its discovery. 
Julius Schmidt, director of the observatory at Athens, recently 
wrote to 
I. Le Verrier the following letter: 


"On NoveInber 11th, at 5 h 40 m in the evening, I saw a star of the third 
nUlgnitude in the zenith, near p Cygni. Observations with the refractor of 
the observatory, at 9 h 30 m , gave the position of the star as follows: 
1876.0 Right ascension.............................. 21 h 36 m 50.4 9 
North declination........ .................... 42 0 16' 30.5" 
" The position for the year 1855 would be: 
Right ascension..... ... .. . .... .... .... . ..... 21 h 36 m 1.2 9 
Declination.................................. 42 0 11' 1" 
"It does not occur in tlle Bonn "Durchmusterung des Himmels." The 
star is strongly yellow in color. At midnight it was more intense than fl Pegasi 
(which is set down as of the third magnitude in Heis's catalogue). On Novem- 
ber 20th the star was not visible. On the 21st, 22d, and 23d, the sky at Athens 
was overcast. From N ovem bel' 24th out, it has steadily declined in brightness, 
and on December 8th the star was a little below the sixth magnitude." 


At Paris, too, the sky was almost constantly overcast for some 
days after the reception of Schmidt's l
tter. By taking advantage 
of infrequent and imperfect seasons of clear sky, Prosper Henry sue.. 
ceetled in observing the new star. Compared with the star 915 of 
Weisse's catalogue (hour 21), it had this approximate position: 
1876. 0 Right asC'ensÎon......................... 21 h 36 m 50 9 
Declination. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. + 42 0 16' 34" 


It was of the fifth magnitude, and appeared to be of a greenish 
color, almost blue, as con1pared ,vith a neighboring star (42,304 of 
Lalande). . 
The new star was also observed at Vienna 1y Littrow. To him 
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on December 1st, as to Schmidt on November 24th, it appeared to be 
of fronl the third to the fourth magnitude; ()n December 3d it had 
fallen to .the fourth magnitude, and on December 4th to the fifth 
magnitude. The right ascension was 24 h 36 m 50.4 1 ; declination, + 42 0 
16' 37.7" for 1886. O. 
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'Ve may observe here that there is nothing in common, between 
this new star and those w]}ich made their appearance in 1600 in the 
neck of thc Swan; and in 1670 near ß of the same constellation. The 
only point of agreement bet".een them is their nearness to the 
Iilky- 
'Vay. 
In comparing Schmidt's obscryations ".ith those of PrOf
p(\r IIenry, 
W'C note two inlportant facts: the first is, the c1iJninution of lustre, 
varying in eight days from the thin.l to the fifth 111agnitude; and, 
second, the notable change of color, fron1 a p
onounced 'yellow to 
greenish blue-a ("hange so patent that it cannot be referred to in- 
dividual differenccs of j ndgment, or to atnIospheric influences. 
The new star of the Swan has been made the suhject of a very 
interesting spectroscopical study. As early as December 2d, Cornu 
applied a spectroscope to the great equatorial in the eastcrn to,ver of 
the Paris Obsprvatoty. Cazin, too, em})loyed for the same purpose 
the nine-inch equatorial telescope (the object-glass of "rhich is 1)y Léon 
Foucault). Both of these observers arrived at the same conclusion. 
The spcctrum of the star, obscryed during a brief interval of clear 
e;ky, appeared to "consist in great part of bright liues, and hence 
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probably to be the resu1t of an incanùescent vapor or gas." 1lerc, it 
will be seen, is a first point of resemblance to the variaLle star of 
Corona Borealis. 
A second study, luade by Cornu on Decenlber 4th, enaùled l1Ïnl to 
define the bright lincs of the spectrum. Three of theln arc t}'e lines 
C, F, and 434 of hydrogen; a fourth ]ine seemed to corre
polld to the 
line .Ð of soùinnl; another to the characteristic line b of n1agnesilllll. 
Finally, t,YO lines ,,
ith the "?:lve-Iengths 531 and 451 semu to coinc'ide, 
the 011e ,,
ith the famous liue 1,474 (l\:ircbhoff's seale) obseryed in 
the solar corona ùuring eclipse, tIle other with a line of the chron1o- 
Rphere. These re::;ults possess so high an Interest t11at we willlwre 
transcribe a portion of the text of :1\1. Cornu's note: 
"TIle spectrum of thi
 star," he writes, "consists of a certain number of 
detaclJed bright lines on a sort of luminous ground, almost entirely interrupted 
between the green and the indigo, so that the spectrum appears as though made 
up of a nmnber of separate parts. In on1er to study it qualitatively, I adopted a 
spectro
copic eye-piece of special construction, which utilizes mo&t of the Jigllt, 
and allows the observer to vary its concentration. In measuring I used a direct- 
vision Duboscq spectroscope. I obsen"ed only bright 1ines; tIle dark lines. if 
any there are, must be very minute, find escaped my observation, owing to the 
faintness of the star's light." 


In this respect the spectrum of the star in the Swan differs fron1 
that of the star T of Corona Borealis, as may be seen fronl the figure 
here copied from 1Iuggins. · 
",V c omit tho details of the nleasuroments of the po
itions of the 
1incs, and pass to the results, \vlJich are stated in the folJowing tal)le. 
The bright Iine8,' ranged in the' order of their brightJlcFS, a, å, y, ß, s, 
1], 0, e, are eight in nUln ber, and their "rave-lengths are here given 
in mill ionths of a millimetre: 


I a 6 I
 ß lei 
 Ie 
----,--------1 -- 
Lines oh
erved. .. ...1 661 588 531 1 517 I 500 48:
 1 451 435 
Hydrogen ........... 1 665(0) .... .. .... , .. I 48ö(F).. 4::>4 
Soù i u m ... . . .. . . .. . . . . . . . 58!) (D) .. . . . . . . . . . . . . . . 
Ma
nesÏt
m.... ...., .... .... I .. 517(bJf!J.) / .. ..*. .. .. 
COl'ona lIne. . . ... ... . .. . 532 .. .. . . 
Chromo
phere line. . . .1 587. . . . * . . . 447 



 


Fr0I11 this taLle it is seen that there is almost })erf{'ct coincidence 
3S regar(l
 th(' lines a, 7J, anil e, ,vith three hydrogen-lincs; as regards 
ß, "Tith the line b of magnesiunl; as regards å, 'with the line of sodiunl," 
or, perhaps, as Cornn snggest
, with the hright li11e IJ a of the chromo- 
sphere. The Y COITPsponds with a lJrigllt lint:} also Lelonging to the 
chromo
ph(,J*e finc1 the solar corona; nnd, finally, 0 corresponds with 
a line of the ('hron1o
pl1ere. The line S rrlono stanùs uuiùentitied Witll 
any known line. 
VOL. XI.-5 
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" If this interpretation were correct, the bright li
es of the spectrum of the 
star would 
omprise exclusively the brightest and most frequent lines of the 
chromosphere. " 


In ihe extreme violet there is a line, the fourth of hydrogen, also 
noted by })r. Young, as one of the nlost frequent in the spectrnm of 
the chromosphere, the wave-length of which is 410. Cornu thiuks he 
has often perceiyed this line in the spectrum of the star, but he has 
not been aùle to lueasure it. "rhe distinguished observer closes his 
account of these interesting researches as follo'ws : 
" To sum up, the light of the star seems to lw.ve precisely the same composi- 
tion as the light of the sun's envelope, the cltrouwsphel'e, Though the tempta- 
tion is stronO' to draw from this fact conclusions as to the P hysical conòition of 
o . 
this new stnr, its temperature, the chemical reactions it must exhibit, I will make 
no comments, nor offer any hypotheses. We lack, I think, the data necessary 
for reaching a profitable conclusion, or at least a. conclusion that can be verified. 
IIowever attractive such hypotheses may be, we must not forget that they lie 
outsiòe of the domain of science, and that, instead of being of service to science, 
they are likely to lJinder its progress." 


The readers of La Nature "win pern1Ït us to add a fe\v reflections 
of our own to those offered by our learned fellow-couutryn1an. lIis 
reserve we acknowledge to be very wise, but he has expre
bed hÏIn- 
self a little too strongly. '-Vho, after l)erusing ::\1. Cornu's analy
i:s 
and the conclu
ions he has drawn, w.ould Hot make the short f'tep that 
here intervenes bet"ween factantl hypothesis, and assert the sin1ilarity, 
if not the iJentity, of the light of the star ,vith that of the chromo- 
sphere? True, we cannot with certainty affinll that the apparently 
continuous faint spectrunl in which are seen the bright lines '".as also 
its spectrulll Lefore it becan1e visible to us, but that such is the casp 
is highly prohable. 'Ve cannot say -what waS the cause of t his sudden 
Jevelopment of gases, whose existence and incandescence are revealed 
by the star's spectrum, just as we are as yet unable to assign the 
cause of the sun's hydrogen protub,erauces. But is it nothing to class 
together phenomena, the only difference between which 
e(,lns to be 
one of degree alone? The hypotheses of IIuggins and 11iller, as to 
the cau
es of the apparition of the star in the Corona Borealis, can of 
cour
e never he verified; but no more can ,ve verify the current 
hypot!lCse
 held 1,y astronomers and physicists with regard to the 
presence of ,rariol1s chmuical elements in the sun; we haye here only 
proLa1ilities. Such hypotheses, far fronl being of injury to science, 
are indispensaùle for its progre
s: they stilllulate the obseryer's n1Ïl1rl, 
constantly suggest to hiln fre
h observations, and beC0111C a hilH1erance 
only when they are held to be de1l10nstrated truth
, and "when men 
refu
e to give. thenl up after they have been proved to Le erroneous, 
or after tbey have served their purpose.-La _Vatul"e 
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.A.KTIQUE MARBLES. 


By JOIIN D. CIIA
IPLIN, JR. 
N 9TIIIXG more, forcibly attests the inlperial power nnd lllagnifi- 
..l... cellce of Rome, at the hcight o
 her glory, than the fragments 
of precious luarLlcs which ahno:3t every excavation anlong llcr ruins 
hrings to light. Even if her history were lost to us, these varied hits 
of stolle woulJ tell in language stronger tllan ,,'or<.1s the story of her 
ulliver
al c1on1Ìllion, when her ships sought eyery clinle, and every 
hUHl paid tribute to her luxury. This piece reflects the glowing suns 
of Numidia, that the green of Tenlpe's Vale; this ".as quarried on 
PenteJicus, thi:; in fitoried Chios, and these tell of Gallic and of Ilis- 
l)anic conquest. 
IallY have a double history, having served to deco- 
rate SOlne furuul or temple of the East before its spoliation Ly a 
J\lumn1Ïus or a Sulla. . 
Toward the cud of the second c('ntury. B. c. the Ronlans, who bad 
become con \'er
ant with Greek art throuo'h theil' con q uests beO"an to 
ö , b 
appreciate sculptures and precious nlarbles, and from that tilne 011- 
,yarJ alnlost every captured city waf' l"ifled of its treasures. K ot only 
,yere all the quarries of tIle ,,,orld put under contribution, but statues, 
co!tullns, and capitals, sla ls, pa vements, anil sonletÏInes entire cdifices, 
'verc transported to ROllle. Carthage, from the tilllC of its destruc- 
tion, furnished an almost inexhau
tible supply. Edri.
i, the .Arab 
geographer of the twelfth cf'ntury, says that nlarbles of so nlauy dif- 
ferent speciE's "Tere found anlong its ruies that it would ùe Ínlpossiùle 
to describe them. Blocks thirty feet lligh and sixty-three illcllC8 in 
dialnetcr, ana colunIns tl1Ïrty feet ill circunlference, were taken out. 
..l\ V.trge fleet of vesse1s ,vas enl ployed solely ill t l'an:-:port illg nlar- 
hIes, allcl :-:layes or freednlcn "Tere stationed in the various ports fronl 
.which they ".cre sent, ,,,110 ,,-ere charged "ith the duty of keeping 
account of the llulnber, quality, and date of shipment of all stonC's. 
In 18G8 excavations. ou the banks of tIle Tiber brought to light the 
ancient In[lJ'}HOJ'ata
 or Inarble-wharf, where these vessels landed their 
cargoes. l\lany block/:) of precious colored nlarbles ".C'1'e exhulned 
here, some of colossal proportions. One of yel1o,v African marLle 
wa
 twenty-seven feet long by fiye and a half feet wide, and weighed 
tJ1Îrty-fonr tons. .Another, 
ent from a then newly-opened quarry in 
the J110nntains north of the Adriatic, to the Emperor K ero, "Tas lllarkeJ 
'Y1th the nanle of his freC'dnlan Carynthns. 
So innnensc was the store of marbles amasseJ in Rome that for 
centuries after 1)('r spoliation l)y the northern harlJarians 1H'r ruiu
d 
edifice
 werc rl'gardcd as the richest of quarries, frOlll which 11ope, 
noblc
, and pC'asallt
, dre\v at ,viII. l\lost of the llH.'<1iævnl churches 
and other public edifices now extant are decorated with the spoils of 
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impC'rinl palaces, basilicas, ùat h8, and the t('mple
 of the gods. ''1" ast 
quantities. of 111arble were eyen burned for limè; and, as if in retribu- 
tion, H,otne was robbed to beautify other cities. lIer sculptured mar- 
bles were transported to ,A.ix-Ia-CbapeIIe to decorate the buildings 
of Charlemagne, and the ancient capital of the world, Petrarch la- 
ments, was forced to adorn from ber own bowels the slothful luxury 
of :Y a ple
. _ 
Of the wllÍte 1narbles of antiquity the n10st iU1portant ,yere the 
Pal'ian and the Pentelic, both the pro(luct of Greek quarries. The 
Parian was obtained from l\lount 
lal'pes
a, in the island of Paros, 
one of the Cyclades, whence it ,vas sometimes called l\Iarpes
ian. It 
was also called Zychnites, because, says J:>Iiny, the quarries were 
,yorked hy lamplight. Dodwell dispute
 this, averring that the quar- 
ries are cui down the monntain-:::ide and open to the light; and he 

uO'crests that th(' n1arble was so calIed from its g lilteriL!! fracture , 
Öð U 
or its translucence. This leads one tu aoubt whether Dorlwell ever 
vi..:;ited them, for Bory Saint-v'T"incent, of the French comn1Ïssion to the 
)[orea, expre
sly describes thenl as subterranean, and says the en- 
trance of the principal one was so filled up at the time of his visit 
that he wa-; obliged to creep to enter it. There are three quarries on 
the mountain, and the largest has several lat
ral cuttings. The rnarks 
of the ancient wedges are everywhere visible, and it is evident from 
the manner in "which the blocks were taken out that the utmost care 
,vas exer
i8ed to avoid waste. In consequence of the 1H1Ulerous fis- 
sures through the bea
, comparatively small blocks could be obtained, 
generally not 1nore than fise feet in length. 
Parinll nlarùle is of a yeHowish white, very near tIle tint of .white 
,vax. Theocritus compares it to the color of teeth. It wa
, therefore, 
considered better adapted for tIle reprc
entatiol1 of hnnlan flc
h than 
any other 1nateria!. Its grain is 111uch coarser than that of the Pen- 
tclic marblc, but it takes a most exqnisit
 poli!'h, and, as it grarlna]]y 
harden!' by exposure to atmospheric air, it resists decomposition for 
age
. To this quality is attributahle the fi;}e state of preser,-atiou of 
nlany of the most celehrated of .the antique statnes, snch as the" Ve- 
nus de' ]Iedici," the" Diana 'T enatrix," the" Juno C:lpit<?lina," the 
" .i'\riarlne," and the colossal" )linerva "-other,vise caned the" Panas 
of 'T ellctri "-all of which arc of Parian 111a1'1>le. 
'The neighboring island of Naxos produce<1 a white marhle scarcely 
inf('rior to that of Pal'os, hut exhillitin cr a little more advanced F-tate 
;-, 
of crystallization. The nlarhle, too, of Tenos, nn if'l:lnd north of Pa- 
ros, and of Thaso
" the nlost 110l"t herIy of the .LEgean gronp, ,vas 
consi(]cred ne
rly equal to that of Paras. Chios, J.Jesho
, Samo
, and 
several oth(\r isl:nHh; of the ar
hipelago, also produced white 1narhI0
, 
general1y of a more Finowy white than the Parian. They :lre called 
usually by th
 Italians n
armo Gri'co. 
In the palmy days of Greek art the Athenians gave the preference 
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to the I\3ntelic nUlrble, rather than to that of Paros, probably ùecaus
 
it was luore acce
siLle to ..A.thens, the quarries being on 1tlount Pen- 
telicus, only about cight 111Ïlcs froJu the city. It is fiuer in grain than 
the Parian, and is whiter, but it is less tran
lucia, and it ha
 a tell- 
deucy to exfoliate under atIno
p}jeric influence, so tbat it loses ilJ t iU1e 
its polished surface. It i
 luarked, too, ùy occa::;ional zones of greenish 
talc, whence it is called. by the Italian sculptors c'l}Jolino statuario, 
frolll its resemblance to an onion (cipola). It is 
onletime::; called al
o 
}/larJltO salina, froln its 
alt-like grains. The Parthenon, tIle Propy- 
1ma, the El'echtheulu, and most of the other principal buildings of 
A.thens, were constructed of Pentelic marùle, and it .was also the'lna- 
terial of SOllIe of the most celebrated of the ancient statues, such as 
the ",-,.. enus" of the Capitol, the "Pallas" of the Albani villa, the 
" Indian Bacchus," and many portrait busts. 
The Pentelic quarries, says Dod"well, are cut in })crpendicular 
prccipices in the sille of the nlountain. The marks of the tools are 
every,vhere vi::;ible, and the tracks of the sledges on ,vhich the im- 
mense lllasses ,vere dra,vll dow"n the declivity to the plain are still to 
be seen. Several frusta of colunU1S and other blocks lie at the baRe 
of the excavation, just as they were left by the ancient quarrymen. 
One of the larger excavations is worked now. 
The IIymettan marble, frol11 l\Iount IIymettus on the southeast side 
of Athens, was elllployed in Xenopbon's tinle in t.he construction of 
tenlples, altars, shrines, and statues, throughout Greece, but especially 
in Athens. The ROUHU1S useù it to a much greater extent than the 
I
entelic, partly becau
e t11e quarries were nearer the sea, and partly 
1)ecause its peculiar tint became the fashion. It was of a Illueh le::;
 
brilliaut ,vhite than the Pent'elic, in some places becoming alnlost 
gray. It ,vas used chiefly for IJuildings. According to Pliny, Lucius 
Scn-urns ,,-ras the first in nome to decorate his house with IIymettan 
colulnns, 104 B. c. The statue of 
leleager, in PariF-, is Inade of this 
marb Ie. 
In the time of Julius Cæsar quarries of white lllarble ,ver0 ojJened 
at J
uua, on the coast of Etruria, and thenceforth l
ome dre,v her sup- 
ply of building-marbles from this place, ahnost to the exclusion of 
the Greek marbles. The Pantheon, and many other puhlic buildings, 
,vere constructed of it. It ,vas soon founel to be adapted also for 
sta"tuary, and finally can1e to ùe preferred to the Parian. The" An- 
tinous" of the Ca pitol, now in the Paris l\Iuseulu, is of this lllarhle, 
and, according to 
ome, th
 ",i\ }Jollo Belvedere" also; but the no- 
nULIl 
cnlptors think the latter is a Greek l11arble. The nuU"ble of 
J.oIuna, called by the ancients '/narnlcr Lll'nense, and which is the SaIl1e 
fiR the modern Carrara, is ,vlliter tl13n either the Parian or Pente1ic, 
and some of its veins are not inferior in beauty of grain and in soft- 
ness to the fornlcr. 
In 1847 a quarry of ,vhite marùle ,vas opened at J\Iaremma, al)out 
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thirty-five miles frolll Leghorn, which bore many evidences of having 
been worked in nncieut tÍ1nes. It clo
ely r('s
llnhles the I>arian in 
color anù grain, ,vorks slllootbly, and takes a high polish. 
'Yhite lllarbles "ere also obtained by the ancients from )Iount 
Phelleu
, I{.hanlnus, and Sunium, in Attica; Denll'trbs, in Thes
aly; 
on the river Sangarius, in Pbrygia; froln near ,A.lexandria 'Trons; 
front .:\Ioullt Prion, near Ephesus; ii'Olll Cappadocia, and froln 
Iount 
Libanu
, the modern Lebanon. 
The marbles of Phellens, Rhalnnu
, and Sunium, were of good col- 
or but were coarse, and less homogeneous than the Pcntelic. The 
, . 
Sangarian marble .was sometÏ1nes called Coralitic. The Cappado- 
('ian wa!' called Phengites (<ÞÉyyoç), on account óf its translucence. 
The temple of Fortuna Seia, built by Nero within the precincts of his 
Golden IIouse, "Tas.built of this stone; and, although it had no win- 
doW's, it i
 
aid to have been perfectly light when the door ,vas closed. 
The marble of l\Iount Libanns, usually called Tyriall, was In"obably 
the' ßlate'rial of SoI0111on'8 Telllple and of Herod's palace. The Scala 
Santa in th
 Lateran Palace, Rome, said to ha'
e been brought frOlll Pi- 
late's house in J el'U
alenl, is of this nlarble, which is a clear blue-,vhite. 
The Proconnesian marble, a pure "rlÜte with black veins, was quar- 
ried in the i
land of Proconllesus, in the Propontis. The celebrit.y of 
this stone has changed the name of the island to ßIarolora, and also 
given its modern name (Sea of l\larmorn) to the I>ropolltis. This 
Inarble was also called Cyzican, because it was largely used in the 
city of CyÚcus, opposite the island jn l\Iysia. The palace of )Iauso- 
Ius, at ,Ilalicarnassus, was built of it. It was also much lised at Con- 
stantinople, under IIonorius and the younger Thcodosius. Several 
cohllnns of it in the Inosque of St. Sophia ",'ere spoils of the temple of 
Cybele at Cyzicus. 
A. white luarble, with yell()\v spots, ,vas brought from Cappadoëia, 
ana a sin1Ïlar Inarble frolll Rhodes, but the spots 'were of a 1)l'ighter, 
more golden, yellow. \Yhite marble, ,vith bla,ek spots, was quarried 
in the Troad. 
But the most beautiful of the ;tntique variegated marbles, with a 
white base, was the Synnadic, Docimæan, or Docinlitc sonlctimes 
, , 
called '}11(trm.or PltrY[liun
. It ,vas quarried at th.e village of Docimia, 
not far from Synnac1a, in Phrygia 
Iajor. The ancient ant horities 
genera1Jy ù.e-;cribe it as pure white, Inarked 'with red or purple veins) 
whi{'h the poets compared to the blood of Atys, slain nt Synnada; 
hut IIantilton, ,vho vi
ited the quarries ahout 1885, 
ays tJlat thcy 
yielf1 
e\Teral different kinds. lIe mentions white, blni
h-w'hitc, white 
with ycl10w vpins, white with blue veins, and white ,vith blue spots, 
the latter having almost a brecciated appearance. lIe de
cl'ihes the 
principal quarry as worked horizontally into the hill, tIle sides of 
which are cut a"Tay perpendicularly to a great hC'ight to fìC'cnrc the 
splendid columns for which it was fa1nou
. Rtrabo says that pillarf) 
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and slabs of surprising Illngllitude and beauty, approaching tlw ala- 
hastrite marble in variety of colors, "'ere conveyed thence to nome, 
notwithstanding the long laud-carriage of more than 100 Iniles to the 
place of shiprlle:nt. The quarries are entirely surrounded l)y traclJyti(' 
h jIb, to w hieh, says II:.unilton, the nlarble "o,yes its crYFtalline and 
altered character, being to all a})pearance a portion of the older sec- 
ondary lilnestone caught np and developed by the l))"otrud(d ,"olcanic 
rocks, ana crystallized by igneous action." 
The alaùastrites marble of the ancients, or onychites, was not a 
marble proper, but n hara carbonate of lime, identical in composition 
with stalagn1Ïte, thë modern alabaster. It "yas quatried, Eays PJiuy, 
near Thebes, in Egypt, and Damascus. When first brought to nome 
it was considered almost a precious stone, and ,,
as n]ade into cups 
and small ornaments, such as the feet of couches and cl)airs. 'Yhen 
Balbus decorated l)is theatre, in the tinle of Angustuf', with four 
rllall 
column
 of this stone, it ""yas noted as an unprecedented occurrence; 
but, in the reign of Claudius, Callistus, a freednlan of that em}lerOr, 
adorned his banquet hall "yith thirty large C'OIUllllH; of aJalJ3strites. 
The ancient quarries were reopened by l\Iehemet Ali, 'Tiecroy of 
Egypt, to obtain material to build his mausoleum at Cairo. The four 
magnificent pillars of this nlarble that support the baldaccliÏno over 
the altar in the church of San Paolo fuori Ie 
Iura, in Rome, were 
presented by l1Ïm. Each is a monolith forty feet long. 
Of the yellow marbles of antiquity, that calleel l>y the Italians 
giallo antico is the rarest and most beautiful. There are several 
varieties of it, var)ring in tint frolll a crenm-yellow to the deepest 
chrome-yellow, sometill1es shading into red and purpie hues. 
ome 
is as bright as gold (giallo do 7Ylt 0 ), SOllIe of an ornnge-
hade (gÜtllo 
capo), ana some, extrenwly rare, of a canary-color (giallo ]Joglia). 
The ancient ,vriters c0111pared it to safiì'on, to sunlight, and to iyory 
gro'wn yellow ,vitll age. Some of it is variegated with l>ln.ck or dnrk- 
ye110w rings. The grain is exceedingly fine. Its colors are aerived 
entirely ii'oUl carhonaceous lllatter. AJnong the finest existing speci- 
mens of this nlarhle :ue the larg
 cohnnns in the Pantlleon nt nome, 
and a single pair in the Arch of Con:ö:tantine. TI)e giallo aniico was 
called nn[nno}' JS r innidÙ,'u1U by the ]1onlans, bnt the preeise site of the 
quarries is not yet asc('rtainet1. 1\1. Fournel believe
 that the }yello,v 
Innrhle of Philippeyil1e, Algeria, "TI)ich closely reseml)les it ill ynrying 
tints, i
 identical with it. The i:--Ianc1 of .:\felos and Corinth al:-:o pro- 
duced yellow marbles, and in tIle time of Justinian a marhle of a 
fiery yellow was quarried in the neigh 1)Ürhood of J erusaleln. 
Anlong the mnst celcln'ated n1arhles of the ancient world was tIle 
rn8SO antlcr), or red antique. Its color pa
ses from a red, ahnost scar- 
let, to a wine-lees or blood-rf'd, which is divided l)y parallel layers 
of whitc
, ana sometirnes al
o intersected 1)ya network of delica1e 
black veins. Its variation in tint is probably accordiug to the quau- 
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titv of the oxide of iron contained ill it. U ntillately this Inarble 'vas 
kn
wn only through its rClllain
, and it has generally Leen asci-ibed 
to E(yv ! >t. The larO'est ancient specimens preserved are the fourteen 
ðJ. 0 
slabs composing the double flight of steps in the church of San 1>1'as- 
sede, ltoille. X apoleon 1. at one tiule intended to carry these to Paris 
to ornanlcnt his throne. There are se\'e1'al statues of 'rosso antic.o, 
illcludino' the" .Antillous " in Paris and the " 
larcus Agrippa" in the 

 
Griln
llli Palace, 'T enice, aud man y medallion portraits. It is uow as- 
certain ell that this beautiful nuuble ,yas not Egyptian, but GrcC'k. It 
.was quarried on the coast of the gulf of Laconia, near what is now 
the bay of Scutari. The quarry lies near the sea, and large l>locks 
cut by the ancients are still to be seen thcre. In 1851 the Greek Gov- 
ernrnent sent specÏlnens froln it to the I.oIondon Exposition, aud it was 
full y recognized as the famous rosso antico. 
There are 111anv yarieties of the marl)le called red and ,,'hite an- 
tique, but they are"' so near alike that it is iInpo

il>le to distinguish 
thoIn by description alone. They are variously called by the Italians 
rosso uUllulato, seljJentelo, venclurino, fio'}'ito, çotonello, et c. They are 
found only in the ROlnan ruins, and their quarries are unknowll. The 
luarble called cervelas is of a deep red, 'with numerous gray anù ,,
hite 
veins. It is supposed to have been brought from Africa. 
The ancients ,,
ere acquaintt>cl ,vith nlany kinds of green nUlrble, 
one of the nlost noted of \vhich was the ma1'JnOr ..Atraciunl, cnlled by 
J ulins Pollux Thessalian, and identical \vith the verde aJttico of the 
Italians. ,The quarries were on l\Io
nt Ossa, near the entrnnce of tIle 
vale of Tempe, and not far from Atrax in Thessaly, whence it de- 
rived its naolO. It is a speeies of breccia, whose paste is a TIlixture 
of talc and liuH.'stone, interf'perspd with ír3gments of white nlarble. 
But the verde antique InarLles differ fronl the 1l10dern breçciás in that 
the color" are so blendea that the line of dClnarkation is not percep- 
tiLle. The Erechthenm in Athens ,vas aùorned \vith cohul1l1s of 
verde antique, ana it was one of the lnarbles selected hy Justinian 
for the at'coration of St. Sophia. The eight splendid columns of it 
still to be seen in the nlosque are said to have been taken from the 
tcmple of Diana at Eph
sus. 
The eelehratea Carystian n1ar1>>le, the c-ipolino ve1'cle of tIle Ital- 
ians, (ll'rived its name froln Carystus, a town a.t the foot of 1\Iount 
O
hl', iu the i
lancl of Ellbæa, where it was quarried. The tenlple of 
Apollo l\Iarlnarinus of Cary:.:tng was nalned frorn tl1Ìs qnnrry. It is 
a true steatitic limestone or ci p olin and is of a be:lutiful oTa y i
h 
. , 
 
g-reen, ,yith white zones and 
pots, and sOlnetÏ1ncs sprinkled with dif- 
ferent colors. It was, easily ohtained in very large blncl\:s, snit a blù for 
cohlnllls, and was largely used in the temples and other pulJlic builà- 
ing'1 in .Athens and llolne. An English trayeler', who visited the 
quarry lately, found seven entire columns on the site, ahollt three miles 
from the sea, j
st as they were left by the ancient ,vorkmen. 
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The 'Jnaî"lnOr Lacedæ7nÚJÛU7n, Laconic'uJu, or Spa1"tum, of the 
TIOllUtllS has always been regarded as a species of 'verde-antique mar- 
ble. Clarke says that it differed from the .A.tracian only in being 
variegated with Llack or dark-green serpentine inf;itead of ,,
ith whit<,. 
But :)1. Boolaye, the mineralogist of the French cOllllnissiolJ to the 
Dlorea, has proyed pretty conclusiyely tbat it 'was not a marLle hut a 
true porphyry, and proLabIy identical with the opldtes of the ancients, 
which Pliny says "
as so called from its reseluLlunce to the skin of a 
serpent (òcþu;). Paus:luias calls it Crocean stone (KpÓKE&J'V AíOoç). 
The Fr<
nch discovered the quarries I)ear the ancient Croceæ, on the 
road fronl Sparta to Gythinnl, and about two n1Ïlcs from the mod- 
ern yillage of Levétzova, iu Laconia. The stone is of a dark gr;
s- 
green, streweù with little parallelogram
 of a lighter gn.:en, son1etÏ1ne
 

1 pproaching white and sOl1letimes yellow. Procopius compares it::, 
color to elneralt1, au\.l StatÏtIs and Siclonius call it a grass-green. 
Eurycles, the Spartan architect, used this stolle in decorating the 
baths of K eptullc at Corinth; and it ,vas quarried to a large extent 
Ly the TIomans, who enriched the mOnU111ents of Greece, Italy, ana 
Gaul, ,,
iLh it. 
The Augustan and Tiberian marbles, so fashional)le in lloille un- 
der tho
e en1perors, were obtained in Egypt. They are breccias conl- 
posed of fragments of greenstone, gneis
, mid porphyry, cClllenh.t1 
with a calcarpous pa
te. Thpy are sinIilar in color, a Lright green, 
spottetl and str
:1ke<.l with dark green, reddish gray, and white; tho 
only difference being, according to Pliny, that in the Augustan th
 
figures undulate and curl to a point, "rhile in the Tiberian the strc'aks 
are not involved, but lie "Tide asunder. It is probable tlwt these 
luarLles were quarried in the n10untaills bct\veen Thebes and the 
Rt:'d Sea. Inscriptions in the ancit'nt quarries there, l1ear the ,veIl 
of I-Ialnmamat, sl1o,,- that they 'were work('d in the sixth dynasty of 
1\lanetho. A green 111arble caned l\Ielnphites was quarried near ßlern- 
phis in Egypt. 
There .wf're 11lftny other varieties of green marble known to the 
ancients, such as the reù-spotted green antique, hàving a dark-green 
ground n1arked with small red and hlack spots and white fragments 
of entroclti; the 
nar}J
o verde paylioco, yellowish green; and leek 
marble, of the color of a leek; but they exist only in sn1all fragments, 
and their quarries are unknown. .A,nother variet y of green Dlarble 
was found in the island of Teno
. 
..A. h]ne 111arLIe is said to have been obtained in Libya. TIH' i
l- 
and of K axos yie](ls a dark blue elegantly striped with white, TCllos 
a light LIne veiued with dark blue, anù Scyros 111auy kilHls of LIne 
and violet Lreccia
, with other colors vaJ'ionsly dispos<.'<1. Scyros 
,vas 011<.' of the chief pla<'es ,,
hence t
le ancients dCl'iycd their ynrie- 
gat('(l lnarhles, and its quarries furlli
hed l11allY yarieties closely re- 
scn1ùlillg the famon::; Inarù1<.'8 of other localities. Stl'aLo says it pro- 
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anced the Carystian, Deucalian, Synnadic, and IIierapolitic marbles. 
The quarries of Tenos are still ,vorked to some 
xtellt, but those of 
Seyro
 and. K axos reillain almost as the ancients left them. 
Of the black marbles of antiquity that no,y called nero antico, or 
black antique, was the most celebrated. It is nlore intensely black 
than any Iuarble now quarried, th,e black luarble8 of France appear
 
ing ahnost gray besitle it. It occurs only in sculptured piece
, and 
its origin is ullkn()"
n; but Fanjas discovered a quarry "Thich had 
been workeù hy the ancients, about two leagues frOln Spa, not far 
fnllu .L\.ix-Ia-Chapelle, tbe nUtrLle of ,vhich closely re
en1lJles the an- 
cient Spccilllens. The largest nlasses kno,vn of nero antico are two 
columns in the church of Regina Cæli at Rome, but there are also 

onH'\ fine specinlells in the ::\Iuseum of tbe Capitol ana in other col- 
Icetiolls. SOlne suppoge it to be identical with the 'JnarUtor Lucul- 
lUllt, which was introduced at ROlne by LuculluR in the first century 
B. c., according to Pliny from 
lelos (another reading is Cl1i08), but 
accorùing to other authorities frotH Egypt or Libya, whence it is 

onletimes callecllllaJ"01,Ol' LiùyclÙn. Pliny says that l\Iarcus i5caurlls 
haa pillar
 of it thirty-eight feet high in the atrÏtull of his honse. The 
CJ1Ïan lllarhle, a deep, transparent black, sOlnetimes variegated with 
other colors, wa
 quarried on )Iount Pelinæus, in the island of Chios. 

\. fine black tuarble ,vas quarried on )Ioullt Tmnarus, in Laconia, and 
ill the islan.1 of Lesbos, and a blue-black marble in Lydia. One of 
the nlost beautiful of the antique breccias, tbe African breccia, bas a 
del'p- LIac k, groull(l, variegated "rith fragments of grayish whit e and 
deep r
a or purpli
b wine-eolor. The grand antique hreccia consists 
of hn'ge fragnlCnts of Llack l1utrble united by veins of shining white. 
Columns of this and of African Lreccia are in the Paris 
luseuln, but 
their quarries are unknown. 


. . . 


OX TILE ""rOXDERF1JL DI'TISIBII
ITY OF GOED AND 
OTIIER 1IET
\LS. 


By ALEXAXDER E. OTTTERBRIDGE,. JR., 
ASSAY LABORATORY, U
ITED STATES MIYT, PHILADELPßIA. 


IT. is bo
h curious all(l interesting to notice how frequently original 
InYesttg'ator
, working frOJIl different stan(lpoints, and with en- 
tirely ùi,,
imilar ohjects jn view, will, independently of each other, 
acclllnulate a nla
s of ol)servations corrohorative of some one phys- 
ical law, hut which require to Le collated in order to re,Teal their 
Inutnal relat iOIl
. 
The Blotiyc of this pap
r is to collect togethcr 
eYeral ol)
erYa- 
tions iIlll<.:trating the divisibility of gold (made either as the direct 
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ol)ject of experiment, or . as incidental to other investigations), 3.Ild 
to present them in a condensed form to tbe readers óf TIlE POPL'"LAR 
:SCIENCE l\10:NTIIL Y. 
Some of thesc experinIents (notably those of Faraday) prc
ent 
the curious anonully of revealing to the physical sense of sight 
particles of matter which are aln10st too infinitesimal for the minù's 
eye to conceive, thus seeming to rcyersc the order of seientific inves- 
tigation which usuaIJy prolongs the mental vision far beyond the region 
of possible physical revelation. 
The experiments to be de
cribed have been arranged in the fol- 
lowing order: 
1. On the natural dissemination of gold. 
2. Beating into thin leaves. 
3. Faraday's researches. 
4. Depositing by the galvanic battery. 
5. Vaporization by the electric spark. 
Son1e years since a very interesting series of experiments "as 
nutde by the late )11'. J. It Eckfelc1t, then chi'ef-a
say('r of tIle n1Ïnt 
at Philadelphia, and his as
ociate, 1\11'. "T. E. DuBois (the present 
incunIbent), upon the" X atural Di
sen1ination of Gold." The re:,ults 
,vere pl'eFientecl to the American Philosophical Society, in the forn1 
of a paper, by 1\11'. DuBois, and })uhlished in their "Proceedings" 
of June 21, 1861. 
The In.ecions metal was fonnd diss('n1Ínated in marvelously fine 
division through a numher of substal1ces where its existence had not 
been previousl:r suspected. 
In the clay of ,,
hich the Philadelpllia bricks are matle, gold was 
found in the proportion of about forty ceuts' "
orth to the ton. 
Each brick contains a sufficient amount of gold to nlal
e a glittering 
show of t-wo square inches, if brought to tho surface in the form of 
leaf. 
An estin1ate of the thickness of the bed of clay under t11e city 
revealed the start ling fact that n10re gold lies securely locked up in 
it than has been procured, according to the statiRti('
, fronl Aus- 
tralia and California. A fo;pecimen of galena from Buck's Connty, 
Pennsylyania, yielded gold in the proportion of one l,a1't of goltl in 
six million two hundrer1 and tw.enty thousand (6,220,000) parts of ore; 
not quite ten cents to the ton. The report of thef'e experimcnts 
concl nd('s as folIow.s: "Of this we 111:1 V be confident, that the atoms 
of gold are homog
neonsly anrl equably dispersed tllrough the clay, 
or otller matrix; but hy ,yhat natural process or for what final cause 
theF:e fine particles s110uld 1)0 thu
 diflìu;ed, seeIns quite IH."yond tbe 
reach of human philosopl1Y." 
The remarkahle mallca 1)ility of fine gold was a property 'well 
known to the ancients. IIon10r refers to the art of gold-beating, 
and I>liny mentions that an ounee of gold ,vas beaten into seven 
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hnn<lI'eJ anJ fifty leaves," each le.at' beIng four fingers square," or 
about three tilnos thicker than our orùinary gold-leaf. On the cof- 
fins of the 'rhebau 111UI11Juies, gold-foil has been discoyered of extraor- 
dinary thinue

. The ancient Peruvians covered the ,valls of their 
tempÌes with ,"cry thin sheets of gold, aud the rude specinlcns of gilLl- 
ing on the pal:tce of Tippo Saib, at Bungalore, pro\.e that the art of 
O"olJ-ùeatin rr was 1 )l"3,ctised in India. We also have Biblical author- 
/::) 0 
ity for the antiquity of the art. 1 
Experilnents Inal1e in modern times have s11o'wn that a single grain 
of gohl l11ay be beaten out so as to cover a space of seventy-five 
8qnare inches; the thicknes::; of the leaf is then only the three hun- 
dred and sixty-seven thousand six hundred and fiftieth (3rlno) 
part of an inrh, or about twelve hundred times thinner than all orùi- 
nary sheet of printing-paper. 
Faraday !'tates in his resc3.J"chcs on "The ExperinleHtal Relations 
of Gohl (and other :\letals) to Light" \I that a leaf of beaten gold 
occupies an average thickness of no l110re than -} to -
 part of a single 
wave of light. lIe reduced the thicknc::;s of gold-leaves at pleasure, 
by spreaùiug them upon glass plates and graùllal1y dissolving the 
metal Ly nleans of a ,veak solution of cyanide of potassium. "By 
this Hwans," he says, "I think fifty or even one hundred might be 
included in a single progressive undulation of light." 3 
FaraÜàY's researches upon the nature of thin films of gold and 
other nlctals, and upon the sizß of fine]y-diyided particles of gold 
,1iffu
eù through various liquiùs, are of a most interesting and refined 
character. A\-ailing hinlself of the well-kno,vn reùucing powf\r of 
pho
vhoru
, he floated slnnU particles of it upon the surface of weak 
801ution
 of chloride of gold. In the course of twenty-four hours 
he fÙlllHl that the snrfaces of the liquiùs were covered wÍth filIns 
of nlctaHic gol(l, ,\-hieh were thicker near the pieces of pho
phorus 
"poSS('
Sillg the full golLlpn reflective pow.er of the nleta]," but 
becOInillg 
o thin by gradations as to be scarcely perceptible. " They 
acted as thin plateR upon light, proclucing the concentric rings of 
colors round the phosphorus at t.heir first formation, though their 
thickness then could scarcely be the 1 
 (n perhaps .not the 5 Z o, of a 
,vave-undulatiòn of light." . 
By treating very dilute solutions of gold ,vith pho
phorus })8 oh- 
tained the metal diffused through the liquid in extremely fin
 partirles, 
l)roducing a ùcautiful ruhy-color. These particles, "when in their 
finest state, often renlain unchanged for months, ana haye all the ap- 
pearance of 
o]lltions, hut they never are such, containing, in fact, no 
di
sol \ cd but only diffused gold. The particles are easily rendered evi- 
dent by gathering the rays of the sun (or a lamp) into a cone by a lens, 
" AmI they did beat tIle gol,I into thin plates" (Exodus xxxix. 3). 
t "Philo:-iophical Tran
actions," 1837. 
3 Fal'aùay' ö " Re::;c.trches in CheIni;:,try and Physics." 
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and sending the part of the cone near the focus into the fluid, the cone 
becolnes visible, :111<.1 though the illurninateù l)articles cannot pe dis- 
tinguished, because of their minuteeess, yet the light they reflect 
is golden in character and seen to be abund
nt ili }>rol'ortion to the 
quantity of gold present, Portions of gold so dilute as to show no 
trace of gold by color or appearance can have the prescnce of the 
diffused solid particles rendered evident by the sun iu this way. . . . 
The state of division of these particles n1ust be extrcnle; they }lave 
not as yet been seen by any powe!' of the nåcroscope." 
Ii'araday fllrth
r tells us that he endeavored to obtain an idea 
of tIle quantity of gold in a given ruby fluid, and for this })urpose 
selected a plate of gold ruby glass, of good full color, to serve as a 
standard, and he compared the different fluids with it, varying tl1eir 
depth until the light from white paper, transmitted through them, 
was apparently equal to that transmitted by the standard glass. 
Then, kno\vn quantities of these ruby fluids 'were evaporated to dry- 
ness, the gold converted into chloride, and cpmpared, by reduction 
on glass and otherwise, ,vith 1:50lut ions of gold of known strength. 
"Frùnl these considerations it would appear that one volume of gold 
i::; present in the ruby fluid in about 750,600 volumes of water; and 
that, ,vhat
Yer the state of division to ,,
hich. the gold n1ar le re- 
duced, still the proportion of the solid particles to the amount of 
space through which tbey are àispersf'c1 n1ust be of this extreme })1'0- 
portion. TlJÍs accords perfectly 'with their invisibility in the n1Ïcro- 
scope; witb the manner of their sCllaration fron1 the dissolved state; 
with the length of time during \vhich they can ren1ail1 diffused; and 
with their appearance ,vhen ilhl1ninatetl by the cone of the sun's rays." 
'Vhile all th
 staten1ents òf this profound investigator 'Were so 
carefully kept within the lin1Ït of 3ctual ohservation, he tells us, in 
concln
ion, that he not 'only believed the gold to be diffused in solid 
11letallic particles, but that he also be1ieycd "there n13Y be particles 
so fine as to reflect yery little light indeed, that function being almost 
gone. " 
The art of gola-plating has berome so extensive in its applic3tion 
to a great yariety of onunnental ohjects, that it seemed to the writer 
an interesting q ncstion " IIow t hick a filn1 is requÍ1'ed to prod.uce a 
fine gold-color? " lIe ".3.S unable to find, on inquiry, that any careful 
notes to determine this point have been recorded,t alHl lle recently 
nUlt1e some experÏInents with the following results: 
\ sheet of copper 
was rolled tlO'YIl to an ::1.Yerag-e thickn('ss of TÔ
 of an incl]. Two 
1)lates were cut from this strip, 4 hy 2t inches, haying a n1etallic snr- 
face of twt'nty sqnare inch('s cacho These plates were 10iletl 'in 

Jkali, to remove grease, polished, and accurately weighed on a bal
 


1 It is stated that when a cylindrical har of silver i
 coated with gold and drawn into 
the fine" ire used in em1Jroidered housings, etc.) a grain of gold will cover 345.6 feet 
of wire. 
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ance scnsitivc to the twcntieth of a milligrammc, or the T.}
 of a 
gra Ill. 


No.1 weighed 126NJiu grains troy. 
"2 " 132Tb"h " " 


A gold "blnsh" of sufficient thickncss to produce a fine gol
- 
color was thcn deposited by the battery. Thc plates \\'ere washed 
in di
tilled water, dried, and reweighed witbout ruLLiug, and were 
found to havc each gained in weight exactl)? one-tenth (l?O) of a grain. 
It thus appears tbat one grain of gold may he distriuutetl, by the 
galvanic deposit, over the surface of t\VO hUllùred sqnare illcheF, as 
contrasteJ with seventy-five square inches by beating. In other 
wora
 the 111ctal is nlore than t\VO and a half tillles thinuer in the 
, 
fonner casc than ill the latter, or 98;400 part of an iuch, as conlpared 
?' I .J f . I 
" It 1 '3" 765'0 0 an 1nc ). 
A still thinner deposit of gold could, of conr
c, be Jetectpd on 
t11e delicate aR
ay-balance, lJut, owing to the transpareucy of the 
fihn, it would not possess the true goh1-color
 It semned inIportant 
to ascertain whether the gold was evenly distributetl over the cop- 
per surface, or whethcr it \vas deposited in spots. The strips wcre 
accordingly ex:uuinel1 uuder a n1Ïcroscope. 
..A careful exan1Ïnation showed that there 
?ere no exposed surf
lces 
of copper, and the gold appeared to llaye a fine, bright, sn100th SUI'- 
face. This, however, was not considered sufficient proof, and seyeral 
expedients. were tried to obtain the gold filnls free frOill the copper 
plàte, in order that they n1Ï.ght be exan1Ïned by transn1Ïtted light. 
Owing to their extreme thinness this 
?as difficult to accolnplish. One 
method, which \\yas partially succe
sful, was to heat the copper plates 
to a cherry red in the annealing muffle of an a
say-fnrnace. On cool- 
ing, the gold flItn peeled off in flâkes with a thin backing of oxide of 
copper; these flakes werc pressed between t\VO l)lates of glass, and 
nitric acitl allowed to flow in hy ca pillary action. The acid di
sol ved 
the copper; leaying a filtn of free gold. The difficulty was, tlwt the 
hubhle's of gas fOl'lned perforated thc fihn of gold. .Anotllcr plan 
was then trit>d. The gold-plating ".as reinoved fr01n one surface of 
thc copper plates hy nleans of fine emory.paper. Pieces about one 
inch square \Verc hnmersed for s('yeral days in yei'y 
Yeak nitric aciò. 
The copper was elltirely diss:olye{], and detached filn1s of gold were 
foulla floatin
 intact on the surface of the liq lli<1; these ,,
ere carefully 
collected on strips of gla
s, washe<1 witl] distilled water, and dried; 
they then tiru\ly adhcretl to the glass. 
\Yhen {\xamined by 1'iflected light they retain their brilliant goll} 
color and lustre, but 
Then vie\yetl by [J-ansJJÛlted light they arc 
bright green 
nd very transparent.; tllc color is an even shade, haying 
nOllc of the InottIeù appearancc of goIa.leaf when seen by transn1Ït- 
tell light, causea by its ,.cry uneven thickness. This rl1onotonc ap- 
pears to be a positive indication of unifornl thickness, for, when t",.,.o 
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fihns ,yere superposed, one upon the other, the color was very per v 
eeptihly darkcned; eV('1l when 
uùjected to a nlaguifyillg power of 
1,000 dialncters the films retain their continuou
 d13racter, though 
the brilliance of the green color is of course difftHsl'cl. The dilllensiolls 
of the waves of light, when decQmposed by the prism, have l,cen care- 
fuHy mea
ur(;d. There are 47,00D green waves in the 81)ace of an in<:h; 
divitlillg the e
timated thickness of our gold fihn by this nUDlber, we 
find that the thickness of the film is less than 
to part of a single uudu- 
lation of green light. 
In tlJC course of an exanlÍnation made by the 'writer uIJon " The 
Practicability of assaying ]Hetals used in Coinage, by meaus of Spèc- 
trum Analysis, nlade in and for the Assay Departnlcnt of the United 
States l\Iint at Philadelphia," 1 it was noticed that a large nun} bel' of 
very po"
erful electric flashes might be passed bet\\
een t\\ 0 sli
s of 
metal without any apparent loss, and an inlportant query suggested 
ib;('lf, viz., ,vhet her the anlouut of lllOtal vaporized by each s))ark was 
not too iufinitesÍ1nal to be detern1Ïned. In order to ascertain this 
point the follo\ving experinlents ,,
ere tried: Jla\'ing weighed snJ:111 
electroùes :tycraging 18 n1Ïlligramnles each with the greatc
t 11o
sihle 
accuracy npon the gold assay-balance of the n1ÍlJt
 whicl] is sensitive 
to -
lo of a lllilligrannlle, or rl95 of a graiu troy; and haviug arranged 
a spark-register, it ,yas found that 1,000 Fparks Inight be pas
cd be- 
tween tlJese poles, each spark sho"ying tll<' spectrnnl of the metal dis- 
tinctly, and yet the loss in "yeight was too FUlall to be made' the 1)aFe 
of calculatioll. Thus a gold pole lost in weight, after pas
ing 1,000 
spar1\:s, TIloo of a grain; this gives for each spark TOO
OOO of a grain 
of gold, producing it bright' spe.ctrnnl. 
The nunl bel' was then inl'reasec1 to 3,000 sparks as t he test. The 
loss of \re>ight d<.
pend...:, of course, upon the electric volume>, and in the 
cxperirnent3 .tabulated an 
ndeavor was 11lade to keep the latter con- 
stant. The tables (nlarked A and B) bho,v that the loss in weight is 
nlar\-elou!'ly FlnalI, averaging less than T\- of a n1Ïlligramme of gold 
f()r 3,000 sparks. To give the amount for each spark, this lllust be 
divided hy the nUlnber of spnrks; thus, in round ntllubers, an elec- 
trode loses 1 d
o 0 of a grain after passing 3,000 sparks; or, for 1,000 
sparks, Ttfuo of a grain; or, for each spark, TOO!ouu of a grain. The 
experi nleuts made by :1\1. Cn ppd to determille the 
niJi inl1lU1 a Blount 
of each elenlellt that ,yould show a spectruln have becn puhli
IH.I<1 in 
taùular form. IIis nlethocl was to volat ilize " solutions of the luetallie 
s
lts Let"yeen the poles of a sUlal1 illduction-coil illl\Iitsc!lerlieh't' gbss 
tnb<:s with platinulH ,vicl\:s. ...A. serie
 of 
olution
, each one-half the 
strength of the preceding one, ,vas prepared fronl a nnlnhpr of n1etril- 
lie chloriaes. The spertrnlll ill connection with tIle positive pole ,vas 
continually observed, while increa
ingly-concelltrated solntions were 
1 Puùli
hed in the" Procecèings of the .American rhilosophical Society," yo1. xiv., 
p.162. 
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brougllt in succession into the action of the spark until the lilies of 
the ::,ub
tance were clearly vi:Úble." If a skC'ptical person refusc to 
hl'lit'.YC thc re
ults of Cappel, ,vho tells us that 6 
 u of a milligranlDlc 
(J-g 
oo of a grain) of nickel will just "write the signature of that DIet aI, 
what win he say when, glancing at Ta1)le I), appended hereto, he finds 
the statelnent that m 01f of a Jnilligramnle (
88 -
 u 0 0 of a grain) ,,-HI 
sign its n
nI1e in brilUant characte1's! .Ana yet the "Titer docs not 
hesitate to say tlJat ("'ell a snzaller alnount of this metal ".ill show a 

pectnul1, for in these experinlents a nlllch stronger spark WfiS used 
than was necessary to sho,v n visible spectrunl. 'Vllen reduced to a 
Ininimuln, by meallS of a nliniatnl'c Leyden jar, inl}JroYi:5ed out of a 
test-tuhe, which still gnse a distinct 
pectrum, the loss in weight, 
after pas
ing 3,000 sparkf', "Tas absullltely inaþjJ,'eciable on the balance. 
The tahles show another curious and unexpected result, viz., tl)at the 
lo

 in "eight of the volatile nletals ycry slightly exce(.'ds, and in some 
case
 does not equal, the loss of the less volatile l11etals. Thus, in 
thr
e differcnt experiments of 3,000 sparks each, copper loses but l
 
Inilligr:lmm
, while gold Joses 15õ milligrall1nlf'
" 1 
In one experiment thc nUlllber of sparks ,vas increased to 10,000, 
31lÙ the loss in weight ,va
 nearly proportioned to the incrensed nunl- 
bcr. In this case the sparks "'ere passed at the rate of about 250 per 
minute. 


TABLES. 


The first èolumn shows weight of metallic "electrodes (in milligrammes) before pa-;sing 
the 
pal'kg. 
The second column shows w('ight 
fter passing 3,000 sparks. 
The third column shows total wcight of metal volatilized (in fraction-; of a milli 
gramme ). 
The fourth column shows the amount of metal volatilized 'Jy eaclt spark (in fractions 
of a milligramme). 
The fifth column shows the amount of metal volatilized by each spark (in fractions of 
a grain troy). 


TAR! E.\.. 


1. 2. 3. 4. õ. 
Gpper pole, gold.. . . . .. . . , . . . . . . . 16,6 15.9 .7 T!l',tJ fl-.fo\;"{'j 
Lower u " '16.7 16 .7 :ri'p, (j __ L __ 
................ :/77000 
L ppPl' " copper. . . . , . . . . . . . . . 18.5 18.4 .1 n 
IJlj' T94 A-mro- 
Lower " " 18.5 18.4 .1 __ J___ T!f4"híïOÕ 
. . ............ aooou 
Cpper " gohl and copper.. . . . . 24 2
.4 .6 öo\m '3'
}mrn 
Lower " u 24 2
.4 .6 _.1_ I 
..... ó (!CHI :J"t4ffUíï 
{ . pper u tin. . . . , . . . . . . . .. . . . 20 19.6 .4 I 41fB 1 Ömí 
'1üõU" 
Lr)\rer " " 20 19.4 .6 J '3'-r4
ïïTü 
................. 5l)OU 
.. ppcr " silver. . . . . .". . . . . . . . . 24.8 24.6 .2 T5 A cHI' diUü 
Luwer " " 2õ.l 2:> .1 "3"TIh1Jìf IT4li-mïõ 
............... 
\ ,"erage 1(':1(1. . . . . . . . . . . . . . . . . . . . 91.6 90 1.6 rlrn 1 n.!o-u-õ 


I "Th(' Spcetro
cope in it
 Application to Mint-.\ssayinO'." Jou/.nal of tlte FrfRzklin 
. r _ 
Institute, October, 1874. Reprinted in the Qllm-terly Journal of Science, January, 1875. 
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TABLE B. 


I 
Upper pole, gold.. . . .. . . .. . . .. . . . 
Lower " copper. . . . . . . . . . . . . . 
U ppel' " gold and copper. . . . . . 
Lower " copper.. . . . . . . . . . . . . 
Upper " silver. . . . . . . . . . . .. . 
Loner" tin................. 
I Upper " nickel. . . . . . . . . . . . . . 
Lower" U.. . . . . . . . . . . . . . 


1. 2. I 
0.5 20 
0 9.9 
1 20.4 
u.2 20 
6 5.8 
0 19.4 
2 11. 9õ 
2 11.9 


3. 


4. 


:5. 


2 
1 
2 
2 


2 
1 
1 


.5 
.1 
.6 
-) 
.... 


1 
Ï)ï:J1ïU 
I 
-g1ToiJIT 
7ntõIT 
nôïnr 
__L_ 
160uO 
dOli 
1ìõtÕ1f 
ãü
U1r 


ã
iülTiï 
T1ï.rtïïuo 
-g"Qiü-uu 
1ï"7t!ouu 
____.l___ 
91t1110U 

t4
JiJu 
1 
'3ïriilïïJïïu 
T!Hhõïïo 


.2 


.6 
.05 
.1 


,,-rhile it is probable that (with t.he exception, perhaps, of Fara- 
day's researches) ,ve have not here indicated the sUlallest particles of 
metal ,vhich it would be pu
siblé to detern1Ïne by the delicatc 111eanS 
at our disposal, it is thought that the experiments recorded may prove 
interesting, as showing ,,,,hat has been, and what may be, acconlplished 
in this direction; and, lest any incredulous reader should fancy that, 
,,
hen ,ve speak of ,veighing the three million eight hundred and 
eighty-tbousanùth part of a grain of metal, ,ye 
rc toying with inlagi- 
nary fraction:-:, we ,vould refer him to Sir 'Villian1 Th01nson's esti- 
mate of the size of the final molecules; J compared 'with ,vhich this 
unit is as large as the famous Philadelphia cobble-stones conlpared 
with grains of sand upon the sea-shore. In conclusion, "we are led to 
appreciate the ,visdom as well as the wit of the distich- 
" E'en little fleas have lesser fleas upon their backs to bite 'em; 
And these again have lessel' fleas, and so-ad infinitum." 


- ... 


ltIOVEMENTS OF JUPITER'S CLOUD-]'IASSES. 


By RICIlARD A, PROCTOn, 


I F Jupiter be regarded as a planet resembling our eartb in condition, 
we find ourselves cOlnpeHed to be1ieve that })rocesf'es of a D10st 
remarkable character are tal.ing place on tlIat remote ,,
orld. It is 
singular with what complacency the believers in the theory that all 
the planets are very lnuch alike accept the 1110st startling evidence 
respecting disturbances to which sonlC among tllO
e brother 'worlds 
of ours n1nst needs on that hypothesis have been subjected. l\Iighty 
masses of clouù, such a
 would 
uffice to en,vrap the entire globe on 
whieh we Ii \'"C, form over large regions of J npiter or Saturn, change 
rapidly in shape, and vanish, in the course of a few minutes; and 
many are content to believe that what bas thus taken place resem- 
bles the formation, motion, and dissipation, of our own small cloud
, 
I He fixes the limit between the ll1T1íb-u-UTI"U" and the 
'UO(JJõ1T\ITi"U" of an inch, and 8ays 
that they are" pieces of matter of measurable dimensions, with shape, motion, and laws 
of action; inteHigible f:ubjects of scientific investigation." 
VOL. XI.-6 
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thouO'h the sun pours but about a twenty-seventh part of the }1e.at on 
J upi
er, and but about a hundredth part on Satu,rn, which "'0 receive 
from his rays. The outline of Jupiter, as indicated by the apparent 
position of a satellite close to his disk, expands and contracts through 
thousands of n1iles, yet the theory that Jupiter is still intensely hot 
must not for a llloment be entertained, though the expansion and con- 
traction of the solid crust of a cool planet through so enormous a 
range would vaporize a portion of its mass exceeding many times the 
entire volullie of our earth. Saturn is seen by Sir 'V. I-Ierschel and 
Sir J. Herschel, by Sir G. Airy, Coolidge,. the Bonds, and a host of 
other observers, to nssume from time to tinle the square-shouldered 
aspect, a change whi
h-to be discernible from our òistant standpoint 
-would imply the expansion and contraction of whole zones of 
at- 
urn's surface through 4,000 or 5,000 miles at least; yet it is better to 
believe that these stupendous changes have affected the Holiù cruHt of 
a planet like our earth than to admit the possibility that the outline 
we measure is not that of the planet itself, but of layers of cloud 
raised to a vast height in the deep atmo
phere surrounding a planet 
still glowing with its prime,'al fires. 
The phenol11ena I am no\v about to consider belong to the same 
category. They are utterly inexplicable, or only explicable by the 
most sensational assunlptions as to the processes taking place on J up i- 
ter, if we adopt the old theory of Jupiter's condition; ,vhile if "'"e 
regard Jupiter as an intensely-heated planet surrounded by and entirely 
concealed within a cloud-laden atmosphere several thousand Iniles in 
depth, they at once admit of the most simple and natural explanation. 
It has, of course, long been known that the belts of Jupiter are 
phenomena of his atmosphere, not of his surface. The belts of light- 
est tint have been regarded as belts of cloud, and the darker belts as 
either the real surface of the planet seen bctween the clond-belts, or 
else as lower cloud-layers, appearing darker because in shado,,'". Ac- 
cordingly, when features of the belts have been ",'"atched in their rota- 
tional circuit, it has heen clearly recognized that the rotation deter- 
mined in this way is not necessar,ily or probably the true rotation of 
the planet itself. Further, it has heen proved, beyond all possibility 
of queRtion, that some at least among the spots upon the planet's 
belts have a motion of thrir own; for whenever "two spots in different 
Jovian latitudes have been observed, it has been almost constantly 
noticed that the one nparcr the equator has had a greater rotation 
rate than the other. Again, it has sometilnes happc
ed that insteacl 
of t,vo spots, in different latitudes, a ,y<,ll-defined dark streak or open- 
ing, having its two "extremities in different latitudes, has remained 
long enough to he observed during sevcl
al rotations of the planet. 
In these cases it has been ohserved that the end of the streak nearest 
the equator has traveled fasteRt,-not onl y absolutel y but in lono'itude 
. , ,:-" 
Ínson1uèh that the position of the streak has notably altered. 
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Thus, in February, 1860, 
lr. Long, of }'Ianchester, noticed across 
a bright belt an oblique <lark streak. "Its position" ( I quote from 
a paper of my own wTitten six years ago, when as yet the theory now 
before us ,vas in its infancy) "lllight be compared to that of the Red 
Sea on the globe of the earth, for it ran neither north and south nor 
east and west, but rather nearer the former than the latter direction. 
The length of this dark space-of this rift, that is, in the great cloud- 
belt-was about 10,000 miles, and its ,vidth at least 500 nliles; so 
that its superficial extent was much greater than the whole area of 
Europe." It remained as a rift certainly until April 10th, or for six 
,\Teeks, and probably nluch longer. It pa

ed away to the dark side 
of Jupiter, to return again after the Jovian night to the illuminated 
hemisphere, during at least a hundred Jovian days; and assuredly 
nothing in the behavior of terrestrial clouds affords any analogue to 
this remarkable fact. " This great rift grew, lengthening out until 
it stretched across the whole face of the planet, and it grew in a yery 
strange way; for its two ends remained at unchanged distances from 
the planet's equator, but the one nearest to the Equator traveled for- 
w'ard (speaking ,vith reference to the way in which the planet turns 
on its axis), the rift thus approaching more and more nearly to an east 
and west direction." The rate of this motion was perhaps the most 
remarkable circumstance of all. 1\lr. BaxendeH, one of the observers 
of the rift, and one of our most experienced telescopists, thus de- 
scribes the changes seen in the belt: "Since 1\lr. Long first observed 
the oblique streak on February 29th, it has gradually extended itself 
in tIle direction of the planet's rotation, at the average rate of 3,640 
miles per day, or 151 miles per hour, the two extrenlÎties of the belt 
remaining constantly on the same parallels of latitude. The belt also 
became gradual1y darker and broader." 1 
Apart from the evidence afforded by this rift respecting the swift 
motions of the cloud-masses en"Trapping Jupiter (for a velocity of 
151 miles per hour exceeds that of the most tremendous })urricanes on 
our earth), it has always seclTIed to me that this on
 series of obser- 
vations s}10u1d suffice of itself to show that the phenomena of Jupiter's 
cloud-laden atmoslJhere are not due to solar action. For the rift itself 
continued, and tbe changes affecting it continued whether Jovian day 
was in progress or Jovian night. For one hundred Jovian days or 
more, and for one hundred Jovian nights, the great cloud-masses on 
either side of the rift remained in position opposite each other, slowly 
wheeling, but still continuing face to face, as théi1' equatorial ends 
rnshecl onward at a rate fourfold that of a swift train, even measuring 
their ,'elocity only by reference to the ends remote from the equator, 
and regarding' these as fixed. Probably tbe cloud-masses were moving 
still more swiftly "Tith respect to the surface of the planet below. 
1 Two pictures of this belt, as seen :March 12, 1860, and April 9, 1860, will be found 
in my article on " Astronomy," in the" Enc:rclopædia Britannica," vol. ii., p. 808. 
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Of course, it is just possible that a great dark rift, such as I have 
described, might appear thus to ch:1nge in position ,vithout any actual 
transference of tbe bordering cloud-masses. JUr. "T ebb, speaking of 
a nunlber of phenomena, of which t))ose presen.ted by tIle great rift of 
1860 are but a few, says that" they prove an ènvelope vaporous anù 
1nutable like that of the earth, without, however, necessarily inferring" 
( ? implying) "the existence of tempestuous ,vinds: even in our own 
atmosphere, ,vhen near the dew-point, surprising changes sOlnetÏ1nes 
occur very quietly: a cloud-bank observed by Sir John Herschel, 
..April 19, 1827, was precipitated so rapidly that it crossed the ,vhole 
sky froll1 east to west at the rate of at least 300 miles per hour; and 
alterations far more sudden are conceivable 'where everytlJing is on a 
gigantie scale." It does not seem to me altogether probahle that 
1nore rapid alterations ,voulù affect cloud-banks covering Illillions of 
square 1niles than occasionalJy affect terrestrial cloud-banks co,.er- 
iug perhaps a few tens of thousands of squajoe n1Ïles; on the con- 
trary, as small terrestrial clouds change relatively in a. far l110re rapid 
way than large ones, and these than cloud-masses coveriug a county 
or a country, so it ,,"ould seem that the changes affecting our largest 
cloud-layers would be relatively far Inore rapid than those affecting 
cloud-luasses ,vhieh could (nlany titnes over) en,vrap the whole franle 
of this earth on which \ve live. But apart from that., and apart also 
frolU. the ill1portant consideration that all such processes as evapora- 
tion anù condensation, so far as the sun brings them about, should 
proceed far nlore sluggishly in the case of a p1anet like Jupiter 
than in that of our earth, which receives sOlne twenty-seven tiules 
as much heat from the sun (mile for mile of surface), it is utterly 
incredible that precipitation should have occurred 80 steadily and 
swiftly along one edge of the great rift, and condensation-
ith such 
exactly equal steadiness and s,viftness-oll the opposite edge, that, 
,vhiìe the rift as a whole shifted its position during a hundred Jovian 
nights and days at the rate of 150 miles per hour, its sides f-houlù 
nevertheless remain parallel all the time. Such processes may be 
spokC'n of as possible, in the same,sense that it is possible that a coin 
tossed fifty times in succession should always show the sanle face; but 
we do not reckon such possibilities among scientific conting-encies. 
But the motion of great roundecl masses in the atmosphere of Ju- 
piter is still more aecisive as to the existence not only of a very deep 
atmosphere, but also as to the swift motions taking place in that atmos- 
phere. . 
I would, in tl10 first place, note that the very existence of helts in 
the Jovian atmosphere, and pf'pecially of variahle helts, ÎInplies the 
great depth at. w'hich the real surface of the planet nlust lie 1)clo,v the 
visible clonò-layers. Atmo
pheric be1ts can only be formed where 
there are diftèrences of rotational yplocity. In the ease of our own 
earth we know that the trade-wind zone and the counter-trade zone 
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o"Te their origin to the difference of absolute rotational velocity 
bet'veen the equatorial parts of the earth and parts in high latitudes. 
In the case of Jupiter the difterence of this kind is not sufficieut to 
account for the observed belts:- partly because there are Jl1any, 
partly bec:1use they are \"ariahle, but principally b('cause Jupiter is so 
much larger than the earth that Hluch greater distances nlust be trav- 
ersed in passing froIn any given latitude to another where the rota- 
tional velocity is so many nliles per .hour 1110re or less. Combining 
with these considerations the circumstance that the solar action which 
causes tbe atmospheric movenlents from one latitude to another in 
the case of our earth is reduced to one twenty-seventh })a1't only,of 
its terrestrial value in the case of Jupiter, we must clearly look to 
some other cause for t.he difference of absolute rotational velocity 
necessary to account for the belts of Jupiter. 
Now, it seenIS to me that we are thus at once led to the conclu- 
sion that the cloud-masses forming tIle belts of Jupiter ar(' affected 
by vertical currents, up-rushing motions carrying them from regions 
nearer the axle, wlJere the absolute motion due to rotation is slower, 
to regions farther from the axis, "There the motion due to rotation 
is swifter, and lllotions of down-rush carrying then1 fronl regions of 
swifter to regions of slower rotational motion. This yiew scenlS Cer- 
tainly encouraged by what ,ve HIld ,vhen "Te come to study more 
closely the aspect of the Jovian belts. The ,,-hite spots--some small, 
some large-whic-h are seen to fornl from time to time along the chief 
belts present precise]y the appearance ,vhich "
e should expt'ct to find 
in Innsses of vapC'r flung fron1 far down below the visible cloud-sur- 
face of Jupiter, breaking their way through the cloud-layers, and 
becoming vhdble as they condense into the forn1 of visihle yapor in 
the cooler upper regions of the planet's atmospl:er(1. Then, again, 
the singular regularity with which in certain cases the great, rounded 
white clouds are set side by side, like rows of eggs upon a string, is 
much n10re readily explicable as due to a regular succession of up- 
rushes of vapor, fron1 the samE:' region below, than as due to the simul- 
taneous up-rush of several masses of vapor from regions set at uniform 
distances along a belt of Jupiter's surface. The ]atter supposition is 
indeed artificial and improbable in the Ligllest degr('e, and in seyeral 
distinct respects. It is unlikely tha.t several up-rushes should occur 
simultaneously, unlikely that regions whence up-rush took place should 
be set at equal distances from each OdICI', unlike]y that they should 
lie along the same ]atitnde parallel. On the other hand, the occur- 
rence of up-ru
h after up-rush from the 
ame region of disturbance, at 
nearly uniform intervals of tinIe, is not at all improbable. The 
rhythmical sncce

ion of explosions is a phenomenon, indeed, alto- 
gether likely to ocenr under certain not improbnble conditions-as, 
for instance, when each explosion affords an excess of relief, if one 
may so speak, and is therefore foUowed hy a reactionary process, in 
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its turn bringing on a fresh explosion. Now, a rhythmical succes. 
sion of explosions from the saIne deep-rooted region of disturbance 
would produce at the upper level, "'here "'e see tIle expelled vapor- 
D1a:,ses (atter condensation), a series of round
d clouds lying side by 
side. For each cloud-mass-after its expulsion from a region of slo,,,, 
ahsolute, rotational nlotion, to a region of swifter motion-would lag 
behind ,vith reference to the direction of rotational motion. The 
earlier. it was forlned the farther back it would lie. Thus each ne,v 
cloud-rnass ,vonld lie somewhat in advance of the one expelled next 
before it; and if the explosions occurred regularly, and ,vith a sufli- 
cient interval between each and the next to allo,v each expelled 
cloud-mas
 to lag by its o,vn full length before the next one appeared, 
there ,,'ould be seen precisely such a series of egg-shaped clouds, set 
side by side, as every careful observer of Jupiter with high tele- 
scopic powers has fronl time to time perceived. 1 
That these egg-shaped clouds are really egg-shaped-not merely 
oval in the sense in which a flat, elliptic surface is oval-is suggested 
at once by their aspect. }
ut it is more distinctly indicated when de- 
tailR are examined. It appears to me that considera1)le interest at- 
taches to some observations ,vhich were ul'ade by 1\11'. Brett in April, 
1874, upon Ronle of the rounded spots then visible upon the planet's 
equatorial zone. It will not be thought that I aln disposed, as a rule, 
to place too Inuch reliance upon the observations and theories of 1\11'. 
Brett, seeing that on more than one occasion I have had to can atten- 
tion to errors into which, in Iny judgn1ent, he has fallen. For in- 
stance, I certainly Jo not tlJink l1e has ever seen the solar corona Yihen 
the sun w'as not eclipsed, though I have no doubt èe saw ,vhat he de- 
scribed, 'which he supposed to be the corona, but ,vhich was 
n reality 
not the corona. N or, again, do I accept (though I do not think it 
worth while to discuss) his theory that 'Tenus bas a. surface shining 
with n1ctallic lustre, and is surrounded by a glassy atmosphere; though 
in that casc, again, his description of what he saw nlay be accepted 
as it stand
, and all that we need reject is his interpretation thereof. 
In the case of .T upiter's ,vhite spots, 1\11'. Brett's skill as an artist ena- 
bles us to accept not only his observationR, but his interpretation of 
thel11, simply because the interpretation depends on artistic, not on 
scientific, consiJerations. . 
" I wish," he f'ay
, " to call attention to a particular feature of J u- 
piter's disk, which" (the feature, probably) "appears to me very well 
1 \Yebb thus describes the ('
g-shape1 clouds: "Occasional1y the belts throw out 
du
ky loops or festoons, "
ose emptieal interiors, arranged lengthways and 80metimes 
with g
eat regularity, have tbe a:::pect of a girdle of luminous, eg
-shaped clouds sur- 
rounding tbe globe. The
e oval forms, which were very conspicuous in the equatorial 
zon.c (as the inter.val of the belts may he termed) in 1869-'10, have been seen in other 
regIOns of the planet, and are probahly of frequent occurrence. The earliest distinct 
revresentation of t,lu>m that I know of is by Dawe
, :March 8, 1851, but theY,are perbapr 
indicated in drawings of the last century." 
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defined at the present tiine, and which seenIS to afford evidence re- 
specting the physical condition of the }Jlallct. The large, ,,,hite 
patches w.hich occur on and about the equatorial zone, and iuterrupt 
the continuity of tbe dark belts, are .well known to. all observers, and 
the particular point in eonnection with thern to which I beg leave to 
call att(}ntion is, that they cast shadows-that is to say, the light 
patches are bounded .on tbe siùe farthest fronl the sun by a dark bor- 
der shaded off softly to\vard the light, and showing in a di
tillct 
manner that the patches are projected or relieved from the body of 
the planet. The evidence which this oLservatien is calculated to 
afford refers to the question whether the opaque body of the planet is 
seen in the dark belts or the bright ones, and points to tbe conclusion 
that it is not seen at all ill either of them, but that all ".,.c see of J u- 
piter consists of semi-transparent materials. The particular'fact frolll 
,vhich this inference .would be drawn is, that the dark sides of the 
suspended or projected Inasses are not sufficiently hard or sharply de- 
fined for shadows falling upon an ol)aque surface; neither are they 
sharper upon the Jight background than upon the ùark. The hrws of 
light and shade upon opaque bodies are very sin1ple and very abso- 
lute; and one of the nlost rudimentary of them is that every body 
has its light, its shade, and its shadow, the relations bct,v<>cn which 
are constant; and that the most conspicuous ånd persistent edge or 
limit in this association of elements is the boundary of the shado\v- 
the shadow being radically different fronl the shade in that its inten- 
sity is uniform throughout in any given in::-tal1c
, and is not affected 
by the fOrIn of the surface on ,vhich it is cast, \vhel'eas the shade is 
c1istingnished by attributes of an opposite character. N ow, if 1 he 
c1ark spaces adjoIning the light .patches on Jupiter, which I have called 
shadows, are not shadows at al1, but shades, it is obvious that the 
opaque surface of the planet on which the shado,vs s}lotlld fall is con- 
cealed; whereas, if they are shadows, their houndaries are so soft and 
undefined as to lead to the conclusion that they are cast upon a semi- 
transparent body, ,vhich allows the shado"T to be seen, indeed, but 
with diminishing distinC'tness to,va1'd its edge, according to the acute- 
ness of i.ts angle of incidence. Either explanation of the phenomenon 
nlay he the true one, but they both lead to the same conclusion, viz., 
that neither the dark belts nor the bright ones are opaque, and that, 
if Jupit<,r lIas any nucleus at all, it is not visible to us. It is obvious 
that the phC'nomena I have described "Tould 110t be \Tisible at the time 
of the planet's opposition, and the first occasion on which I noticed it 
was the night of the 16th of April last." 
This rensoning, so far as it relatfis to the laws of light anò shade 
and shadow, i
, of course, altogetber soune1. N or are tbere any poil
ts 
rC'quiring correction ,vhich in any d<,gree affect the astronomical In- 
ferences deducible from 'what 1\11'. Brett actually saw. I nlay note 
that somewhat later 
Ir. I{nobel observed the shadow of \vhite cloud- 
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masses, and, as the shado\v had not so nluch greater a length at that 
time, two months fronl opposition, as it had when 
he planet was rnuch 
nearer òpposition, he infers that the true explanation of the appearance 
has hardly been found. lIe appears to have overlooked the fact that 
the a
sulll ption Inade in the eÃplanation is not that Jupiter has a sen1Ï- 
transparent atIlIosphere alw"ays equålly translucent and penetrable to 
the same depth by the solar rays. "\Vhen the shadow was shorter 
than it sllonld have been, had the atmosphere been in the same condi- 
tion as 'when 1\lr. Brett made his observation, it is probable tbat a 
layer of clouds interrupted the rays, and thus the shadow 'was much 
closer to the cloud-nlass throwing it than it lrould have been had that 
layer not been there. )11'. l{nobel's paper contains very striking evi- 
dence of the ,-ariability of Jupiter's atmosphere, or rather of the 
clouds which float in it. " The greater distinctness of the satellites 
when near the edge," he says 1 "is ß curious phenomenon which has 
been repeatedly observed by astronomers, but which seenIS to require 
explanation." On an occasion described" the second satellite transited 
a dark limb ,vhich was" (seemed) "nIost dar
 near the centre, and 
fain.ter toward tIle edge, yet the satellite was almost invif;ible when 
on the darkest part of the belt, and was bright and distinct when the 
background of the belt was faintest." This practically proved that 
on the occasion in qnestion the dark, central part of the belt seemed 
darker than it really ,vas by cont.r&st ,vith the bright belts on either 
si(h
, while the edge semned lighter than it really was by contrast 
with the d
rk sky on which the pla
ct was projected. In reality the 
part near the edge mu-;t have been darker than the part near the 
middle, or the satellite could not have appeared brighter when near 
the edge. No doubt the darkness near the edge (,vhich, by-the-way, 
Iny friend 
Ir. Browning tested photometrically, and demonstrated, 
at my suggestion, eight years ago) was due to tran
parency, the dark- 
neRS of the sky he yond being to some degree discernible through the 
edge. But this transparency is not always to be observed to the 
same degree, or through the same extent of Jovian atmosphere a
 to 
depth. 1\11'. I{nobpl proceeds, illustrating this the more effectively 
that he does so unintentionall y : "The third satel1ite on l\Iarch 25 
, , 
1874, appeared a
 a dark spot when in mid-transit and on nearinO'tbe 
, . ö 
edg-e appeared as a bright Rpot w'ithout trace of'duskiness. But on 
l\Iarch 26, 1873" (observe the difference of years), "the fourth satel- 
lite made the whole transit as a dark spot, and was not perceptibly 
less dark at egress than in mid-transit." 
It appears to me demonstratec1 by the evidence thus far noted 
that in a semi-transparent atmos l )here of enormous de p th surroundinO' 
& , 0 
.J upiter, there float vast clond-masses, sometimes in layel"A, at others 
in irregular heaps, at others having well-rounded forms. These cloud- 
masse
 undergo sometimes remarkable changes of shape, often form- 
ing or disappea
ing in a very short time, and thus indicating the infe- 
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riol' activity of the forces at work belo\v theIn-in other \vorùs, the in- 
tense heat of Jupiter's real globe. As to the actual depth of the semi- 
transparent atmosphere in \\' hich these cloud-layers and cloud-masses 
float, it would be difficult to express an opinion. "'V e do not kno\v 
how many cloud-layers there are, how thick any cloud-layer may be, 
how great nIay be the depth of the vast rounded nH1SSCS of cloud 
\vhose upper surface (that is, the surface renlotest froln Jupiter's true 
surface) we can alone see uuder fav
rable conditions. But we can 
indicate a minimum than 'which the atmosphere's depth is l1roùably 
not less; and, fronl all the observations which I have examined as 
bearing on this point, I should be disposed to assign for that n1Ïni- 
mum at least 6,000 Illiles. I am strongly of opinion that in reality 
the depth of the Jovian atmosphere is still greater. I cannot doubt 
that Jupiter has a solid or liquid nucleus, though this nucleus-glow- 
ing, as it must be, ,vith a most intense heat-nuty be greatly ex- 
panded; yet I should conceive that, with the enormOUE attract,ive 
po,ver residing in- it, containing as it n1ust nearly the whole llInss of 
the planet, its mean density cannot be less than that of the earth. 
N O\V, a globe of the mass of Jupiter, hut of the same mean density as 
our earth, would have one-fourth of Jupiter's volume-the mean den- 
sity of Jupiter, as at present judged, being equal to one-fourth that 
of the eartI). The diameter, therefore, of sucli a globe would ùe less 
than the present diameter of Jupiter, in the same ratio that the cube- 
root of unity is less than the cube-root of 4, or as 1 is leEs than 1.5874. 
Say, roughly (rmllembering that the atmosphere of Jupiter must have 
a considerable rna
s), the dialneter of Jupiter's nucleus ,vould, on the 
assumptions made, be equal to about five-eighths of his observed di- 
ameter, or to about 53,000 miløs. This is less than his obseryed di:un- 
eter by about 22,000 miles, so that the radius of his nucleus would be 
less than his observed radius by about 11,000 nIÌles-whicb
 therefore, 
would be the probahle depth of his atmosphere. 
But 'we have still to consider the velocities with whieh rounded 
masses of cloud travel in the very deep atmosphere of Jupiter. 
"There is clear evidence," I have pointed out in the article "As- 
tronomy" of the" Encyclopædia Britannica," " that spots on Jupiter 
are suhject to a proper motion like tl)at which affects the spots on the 
sun. Schmidt, in No. 1,973 of the AstrononlÏsche Nackrichten, gives 
a nUlllber of cases of snch proper movements of spots, ranging in 
velocity from about seven miles to about 200 miles an hour. It may be 
noted, also, that frotH a series of observations of one spot, nlade be- 
t,veen )Iarch ] 3 and April 14, 1873, ,yith the great Rosse reflector, a 
period of 9 h. 55 nl. 4 s. w'as deduced, while observations of another 
spot in t)1C same interval gave a rotation period of 9 h. 54 m. 55.4 s." 
The actual difference of velocity would depend in this case on tIle 
actual latitudes of the two spots, which ,vere not lllicronletricalJy 
measured. Takino- 200 000 Illiles as about tl1c cirCUnlf('rence of a 
ö , 
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parallel of latitude passing nlidway between the spots (only a very 
rough calculation need be made), ,,
e should find. that in a period of 
one rotation, or, roughly, of tell hours, one spot gained on tbe other 
about 51 seconds, or, roughly, about '[fro part of a rotation-that is, 
in distance (dividing 200,000 by 700) about 286 miles in ten hours, or 
nearly 29 n1Íles an hour. 
'Ve have, howevcr, instances of yet greater relative proper motion 
among cloud-masses. Oue of these cases I proceed to consider at 
length: 
In June, 1870, two spots '\
ere visille upon the disk of Jupiter, so 
distinct and isolated as to be well adapted for lneasurement to deter- 
Inine the rate of the planet's rotation. 1\11'. Brett, 0 bse1"ving them 
first as illustrative of the phenomenon to which he had called atten- 
tion in 1874, turned his attention afterward to their ratf\ of motion. 
lIe wouhl seeUl not to have been a ware of the fact that the proper 
motion of bright spots and other markings on Jupiter ""as already a 
recognized phenomenon; for he asks 'whether his "observations öf 
these spots, forming a series extending over a .period of 28û hours 20 
minutcs, afforJ evidence of proper Inotion, or ,vhether, on the other 
hand, they tend to cast any doubt on the accepted rotation of the 
planet." IIowever, his observations are all the freer .from the bias 
of preconceived. opinions. "There ,vere several peculiarities about 
these two spots," he says, "which seeme<1 to me to give them an erni- 
uent claim to attention. They occurred very near to the equator, 
and were yery well defined, and free from entanglenlent with other 
lnarkings-an advantage ,vhich they have maintained with singular 
uniformity throughout thp period nlentioned; but the special pecu- 
liarity to which attention is asked is, that during an inter,"alof five 
days they remained in tbe same relative position without m;y varia- 
tion "rhateye1'. Their stability in respect of latituòe during those 
five dnys is undoubted; but the question is, whether or not they ,vere 
equally stable in longitude. This remark only applies to the first 
five days of the series, because at the end of t\velve days a certain 
deviation ,vas obvious. The distance between the t"ro spots oceu- 
pied about 42 0 of J oyian longitude, or about 33,000 nliles. Their 
diameter is neaioly equal, being estimated at n,hout one-fourteenth 
of the planet's diameter, or 6,310 miles." The interval of time be- 
tween these first two observations "was II!) hours that is to say 
, 
 , 
twelve rotations of the planet accorcling to Airy's determination, dur- 
ing ,vhich tilue their distance apart and their latitude remained con- 
stant." netween the first and second observations the t,vo spots had 
gained" 44 m. 6 s. in time. Assuming Airy's rotation, viz., g h. 55 Ill. 
21 s., tbe spots have gained on the planet's surface at the rate of 4 In. 
2 s. in each re,oolution." 
Between the second observation and the third" there was an in- 
terval of seven days, or 
cYenteen rotations of the planet; and the 
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same two spots turn up again some",-hat earlier tban the cal('ulntcd 
tiIne. It unfortunately happens," proceeds 1\11'. Brett, "that on tI1is 
occasion their configuration had undergone sonle change; 'but their 
<linlcnsions and the distance between them remain very nluch as Lefore. 
The lnost important circulllstance respecting them is, that their rate 
of progress shows a certain acceleration." The change, however, in 
the:sc seven days, i
 not such as to permit us to believe that the same 
pair of spots ,vas under observatio
. Ij' so, a change in latitude 
llluch more remarkable than the change in longitude had taken place; 
for the one which was tl1e most northerly by about 6,000 miles at the 
beginning of the seven days was tIle most sóutherly by nearly tIle 
saIne amonnt at the end of that period. Considering that in the five 
days betw
en the first and second observations no change of latitude 
took place, it may fairly be doubted whether a change of the kind, 
and so rapid, amounting, in fact, to nearly 900 miles per day, could 
have taken place in the inter,'al. Proper motions in latitude may 
indeecl be regarded as not less likely to occnr in the case of .T upiter 
t!1an in that of the snn, where tbey certainly' sOlnetimes occur; but 
all the observations hitherto made on Jupiter assure us tbat, in his 
case as in the sun's, proper nlotions in latitude 'would be very much 
slower than proper motions in longitude. \V 
 must be content with 
tbe evidence of proper motion afforded by the first five days of ob- 
seryation. (The fourth observation only followed the third by about 
twenty minutes.) . . 
N ow, taking this evidence as it stands, and making fair allowance 
for probable error in an observation of the sort, ,ve may consider that 
during the 119 bours the two S})ots were gaining on the estÏ111ateù 
rotation-period of the plan(-'t by about four minutes per rotation. As 
they both lie on tbe equatorial belt, ,ve lllay take the circuit accom- 
plished by each at about 267,000 miles, or, say, their rate at about 
270,000 in ten hours, or 27,000 miles per hour. Ilence, the distance 
traversed in four minutes would be about ] ,800 miles, ,vhieh would 
be about the gain per rotation. One-tenth of tl1is, or 180 Jniles, ,vould 
be the bourly gain, as compared with the estÏ1natec1 rotation-rate. 
1\11'. Brett takes the least proper motion at 165 miles per hour. 
lIe points out justly that the rotation-rate bas been derived from 
ohservations of some sucb spots. So that in reality the only inference 
we can form is, that the rotation-rate derived from some spots is dif. 
ferent from the rotation-rate derived from others, and that soms spots 
(if not all) are certainly not constant in position with respect to the 
solid nucleus of the planet. That tbe spots observed by Airy, )IHd- 
ler, and others, sbould have indicated a slower rate of rotation than 
those observed. by 1\lr. Brett, may fairly be ascribed to the fact that 
the former were at some distance from the equator, wbile the latter 
were nearly equatorial. For matter throu"n up fron1 the equatorial 
parts of the true surface of the concealed planet would nUlnifestl y 



9 2 


TIlE POPUL
lR SCIENCE MO.J.,TTHL1r. 


diflèr less in velocity fronl the superincumbent atmosphere into which 
they w.ere driven than ,vould masses expel1ed frQm higher latitudes. 
(It is prob,able that the saIne explanation applies also in the ca8e of 
the sun.) 
This conclusion, that the spots of Jupiter have rapid rates of rela- 
tiye Illotion, would of itself be of singular interest, especially when 
.we renlembcr that the larger white spots represent masses of cloud 
5 000 or 6 000 n1Ïles in diameter. That such masses should be carried 
, , 
along ".ith velocities so enonllOUS as to change their positions rela- 
tively to each other, at a rate sometimes of 1110re than 150 miles per 
hour, is a startling and stupenòous fact. But it appears to me that the 
fact is still more interesting in what it suggests than in what it reveals. 
The movements taking place in the deep atmosphere of Jupiter are 
very wonderful, but the cause of these movements is yet better wor- 
thy of study. We cannot doubt that deep do,vn below. the visible 
surface of the planet - that is, the surface of .its outermost clond- 
layers-lies the fiery mass of the real planet. Outbursts, corn pared 
with wlJÌch the most trenlendons volcanic explosions on our earth are 
utterly insignificant, are continually taking place beneath the seem- 
il
gly quiescent envelope of the giant planet. 1\Iighty currents carry 
aloft great masses of heated vapor, which, as they force their way 
through the upper and cooler strata of the atmosphere, are converted 
into visible cloud. Currents of cool vapor descend toward the sur- 
face, after assuming, no doubt, vorticose nlotions, and sweeping a way 
over wide :;treas the brighter cloud-Ipas!'es, so as to forln dark spots 
on the disk of the plauét. And, owing to the various depths to which 
the different cloud-masses bel.ong, and whence the up-rushing currents 
of heated vapor have had their origin, horizontal currents of tremen- 
dous ve]ocity exist, hy ,vhich the cloud-masses of one belt or of one 
layer are hurried s,viftly past the cloud-masses of a neighboring belt, 
or of higher or low cloud-layers. The planet Jupiter, in fact, may 
justly be described as a miniature sun, vastly inferior in bu1k to our 
o\vn sun, inferior to a greater degree in heat, and in a greater degree 
yet in lustre, but to be con1pared \\Tith the Run-not with our earth-in 
size, in heat, and in lustre, and, la
tlr, in the tren1endous energy of 
the processes w"hich are at work throughout his cloud-laden atmos- 
pheric envelope. 


Since the above article was written news has been rpceiyed bv 
, .' 
the AEtronomical Society that 
Ir. Todd, a well-known observer of 
Adelaide, New South "or ales, has been able to trace tbe motion
 of 
satellites behind the parts of the planet near the edge, or, in other 
words, th7.ough those parts of the planet's atmo!;pbere which ha\.e 
hitherto been regarded as belonging to the mass of the planet itself. 
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TOAD S TOO L-EA TIN G. 


By JULIUS A. PALMER, JR. 


I DO not mean in this article to consider the origin, reproduction, 
nature, and extent of the fanJily of Cryptogamous plants caned 
}1'ungi; for I do no"t claitn the cultur
 of the bcientist, or the ùisin- 
terested enthusiasm of the naturalist. " Art for art's sake" is not 
IllY ,var-cry. I propose to detail in popular language the experiences 
of an amateur toadstool-eater who desires to encourage personal in- 
vestigation of a neglected subject. 
Not long since, a course of lectures ,vas announced on "Fungi." 

Iy can for circulars and tickets revealed th
 fact that the lecturer 
proposed to explain all about snIut in distinction from potato-rot; the 
difference between blue-mould, black-mould, and white-lllould, was also 
to be clearly defined, for which purpose a microscope of wonderful 
power had been l}rovided. It seemed to me that, after people 'were 
able to tell healthful food ii'oIn certain poison, it 'would be in })lace to 
give them a popular course on microscopic organisms. 
, Three years ago, I ,vas detaching a large fungus from tJle famous 
Liberty-Tree on Boston Common. An over-cautious stranger tapl)ed 
my shoulder and said, "
Ir friend, that is not a mushrOOlll ! n 
" X o,v that looks to me like a big toadstool," exclaimed another 
by-stander. 
"Every mushroom is a toadstool, and every toaðstool is a IllUf!ìh- 
room," I replied, and I repeat the answ'er here. Yon might as well 
call a beet a" vegetable," and every other representative from the 
garden a" plant," as to considèr one fungus a " muslnoom," and all 
others of a thousand species" toadstools." 
Yet, people cannot be blamed for ignorance where there aloe so 
fe\v sources of information. The difficulties experienceù by the 
amateur can scarcely be overrated. Excepting the writings of Dr. 
Curtis, of South Carolina, I bave not seen an original contriLution to 
American literature on this 01scure topic. Even Dr. Curtis (in a 
very interesting correspondence ,yit h Cllarll's JanIes Spr3gne, de- 
T}Üsited at the rooms of the Doston Society of N aturaillistory) gives 
little information regarding toadstools, devoting nlost of bis letters 
to tbe revelations made by the n1Ícroscope. I, howeyer, procured 
from London the works ,vhose titles I give in the note at the end 
of this paper, and began the study of fungology as a science. 
Still, discrepancies and obscurities will confront the student. The 
descriptions are by no Ineans exact. All these authorities c1f'scribe 
fungi of foreign p
rts, i. e., not necessarily American 8pecies. The 
cla
sificat]on is not even harmonious, as the generic nnnIes of the dif- 
ferent species vary ,vith leac1ing authorities, from the time of Sow- 
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erby to the present. 'Vhen you have placed a specimen in the proper 
f
uni1y, you have not in any way defined its quality, since one Inush- 
room nlay,be esculent, and its twin brother poisonous. Yet, the work 
of Berkeley is a book easily procured, and, having a number of colored 
plates, is readily understood by persons with botanical tastes. Such 
will find no study more fascinating. It is surprising ho,v quickly the 
hand and eye acquire a delicacy in analysis, impossible to conlIDuni- 
cate in word::;. This talent is essential. Noone should attempt to 
gather mushrooms who has not the po,ver to fix in his mind the exact 
characteristics of any specimen, so as not to 
e in the least danger of 
confounding it with its nearest neighbor. 
The student must sweep the brain clear of various charms and tra- 
ditional lore. There is no magical "way of identifying good mush- 
rooms; no infallible test for healthful varieties. IIere are some speci- 
mens of newspaper paragraphs: 
"Every mushroom," says one (uleaning every edible nlushroom), 
" sboulLl peel like a potato." 
Ap:reed, but nearly all the fungi peel readily. 
10' But the stenl ought to come out like an unlbrella-handle." 
Whole classes (many of them noxious) have free gills, which is the 
Oilly reason why the stem leaves the cap so easily. 
Then, on the negative side, you will hear such attempts at classifi- 
cation as the following, taken from a widely-circulated weekly: 
" .Á.\.s a general rule, all found in dan]p, dark places, or on decaying 
anilll
l matter, are poisonous. Thos
 that have a very thin cap, or the 
sten1 growing from the side instead of the middle, should be avoided. 
All n1ilky mnt3hl'ooms, with the single exception of the orange milk- 
Innshroom, are extrelnely dangerous. So also are those which have 
the gills of equal length, those which run speedily into a clark, watery 
liquid, which taste bitter or burn the mouth, or llave a fetid, sickly 
smell. If a mushroom turns a variety of colors wIlen bruised, or is 
markecl by the trail of a snail, it can under no CirCUll1stances be 
eaten." 
Excepting, l)erhaps, the phrase I have italicized, the above is a 
tissue ofmis3pprehension. Damp, "dark places produce the very best 
lunshrooms. The edible chall1pignon (.i.lIarasrnius oreades) has a very 
thin cap. The elm-tree rnnshroom (Agaricus 'ltlJl
arius) has an eccen- 
tric stem. The brown milk-mushroom (Lactarius volmnum) is unques- 
tioned, and se:vera1 others are doubtless esculent. A wh01e family 
(Russulæ) have equal gills. The maned mushroom ( Coprinus coma- 
tus), most delicious, and easily recognized, turns to ink ,vithout the 
addition of any fluid. The honey-colored nlushroonl (.L1{Jaricus mel- 
teus) is very acrid raw', as are also others, equally harmless when 
cooked. Several í'sculent Agarics turn red when bruised, and many 
cc1iole Boleti change color. I n(\ver saw a snail on :1. mushr00m. 
Pre
umin!! that the writer nlcans to r(\fcr to sInO's I would add that 
OJ 0 , 



TO
1D S TO OL-EAT I.1,-rG. 


95 


I have often cut them out of mushrooms, rejecting only the part 
they had spoiled. 
I have given but .one example of each inconsistency, but they might 
be multiplied aln10st indefinitely. Then comes. your Leliever in 
charms: dropping salt on the nlllshroom to see if it turns black or yel- 
lo,v, or stirring them with a coin spoon to watch for evidences of dis- 
coloration. Another rejects all ,vhich grow from ,,'ood. But no te
t 
of any kind, in form, color, or ba:sis of gro'wth, ,yill distinguish healtlj- 
ful fronl harmful fungi. 
"'Vhat, then?" despairingly asks an inquirer-"what, then, can be 
done? " 
Exactly what is done in every other department from dome
tic 
economy to high art. How does 1\lr. J arves tell the difference 
between a painting by Leonardo da Vinci and one by Guido R
ni? 
How could you explain (to one who had never seen either) the dif- 
ference between a hyacinth-bulb and an onion? :From essays on the 
early painters, you dra,v conclusions wl1Ích enable you to distinguish 
at sight the 'works of t,vo artists. In kitchen
lore, the child acquires 
distinctions with its earliest lessons at the mother's apron-string. 
Only by these two means can practical knowledge of the kingdom of 
FÙngi be increased: first, exact scientific analysis; sccqnd, the circu- 
lation of arbitrary, traditional information, such as saying to igno- 
ramus: 
"There, sir, that is an elm-tree mushroom; mark it ,yell: whenever 
you find one just like it on your eln1, eat it." 
'Vith a view of encouraging research, I shall make an attempt at 
an original lJut very limited classification, and also describe a few 
varieties of mushroonls. The first distinction is in the nature of the 
surface hearing the reproductive bodies or spores. Pick the next 
toadstool you find; look under the top or cap. You will ohserve 
one of fOUl" things: 
1. There is a series of thin plates set on their edges running in 
to a common centre, like the spokes of a ,,,heel. The spokeH are called 
the gill
; the stem corresponds to the hub. This is the largest family 
of 11111shrooms, the Agaricini or Agarics. 
2. In the VI ace of gills, your specimen may l1ave a substance 
resembling fine sponge. It is then a pore-bearing muShrOOlTl, ge- 
nerically a }>olyporus. Supposing the stem to be distinctly defined, 
of ordinary length, and the pores or tubes 
asi1y separable from each 
other, it is a Boletus. 
3. Instead of tbe sponge, you may find a number of small points 
or spines. It belongs then to the teeth-bearing fungi, generically 
the Hydnei. 
4. When yon invert the mushroom, you may find neither gills, 
pores, nor teeth. It may be globular. In the three other c1asses, the 
spores are borne externally; here th
y are inelosed. If young, tllc 
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skin is fillcd ,vith a substance, white, yello,vish, purple, or black. If 
old, the contcnts are discharged in du
t at a snlart squeeze. It is a 
Puft:ball. 
,A
 the ohject of this article is to interest those having no knowl- 
edge whatever of the subject, I shall not allude to other families. It 
is probable that your toadstoo
 will come within one of these four 
grand divisions. If not, select another at once. 
The pufr-balls are the safest mushrooms for the beginner. 'Vhen 
you find one, with a smooth skin, perfectly white inside, it is the giant 
puff..ball (Lycoperdum giganteurn) in an infantile state. The cclor of 
the skin varies from pure white to a shade almost black. If tbe knife 
lea ,ycs a stain of yellow, it is too old to eat. Otherwi:.'e, you may eat 
it without fear. There are several smaller varieties, which my ,vife 
and I eat indiscriminately. 
I believe all white puff-balls may be safely used if cooked at once. 
They change v(\ry rapidly after gathering, and should only be eatcn 
in their freshest state. There is no poisonous fungus resern bling 
theln. 
The teeth-bearing toadstools are also safe fungi for the experi- 
lnents of the amateur. I have found only one variety, but Slnith says 
all the 
pecies of any size enjoy a good character. The spreading 
hydnum (Hydnuln repancluIIl) is usually yello,v, sometinles reddish, 
ahvays firm-fleshed; stem defornled, indistinct, or eccentric; and one 
side of the disk, or top, is frequently much higher than the point 
diametrically opposite. The p8cl1liarity of the teeth, or spines (which 
in young specimens easily rub off), is enongh to distinguish it. 
The Boleti can only be confounded with their t,vin brothers, the 
Pvlyporei. The latter grow mostly on ,vood, with abortiye stems, 
,\Thile the boletus of the edible kind gro'ws from the ground, 11as a 
distinct stem, and the tubes of the sponge are easily separa11e from 
each other. If these tubes or pores are brown, yellowish, or green- 
ish, the top being rnsset-color, or any shade of bro"\vn, and on cutting 
the flesh it remains white, it is an edible, or at least a harmless, variety. 
If the plant is brilliant-colored, red or yelIo,v, or turns blue when 
bruised, it is bcst to f(>ject it. If the tubes are red at the orifice, it is 
Jon'Ltless poisonous. - 
The AfJaricini (those with gills) cannot be thus generalized, and I 
regard thCln as the least safe for the amateùr 31thouO'h it is to this 
'J , ö 
class that the celebrated individual' honored bv EnO'lish-s p eakincr 
. b ð 
people with the title of" a mnshroom "belongs. How can I describe 
this species, it varies so widely with its circumstances? 
Two Yarietie
, tI1C meadow-mushroom (....4,qaric1.ls carnpestris) and 
the horse-nlushroonl (.Af/aricus art'ensis), run into each other by inter- 
mediate types so closely that professional cooks and gardeners nlay 
he forgiven that they entirely ignore any diffcl"enCe hetween them. 
There i
 a theory that the horse-mushroom is propngated from spores 
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of the meadow-mushroom after these latter have passed through the 
system of the horse. 
At first, this mushroom resembles a puff-ball, but it soon discloses 
under the cap a veil or web, which ruptures an
 exposes the gills, free 
frolll the steIn, with a faint shade of pink. This color deepens more 
and more, passing through purple into black. 'Vhcn pink, the ring 
around the stem is quite IJerfect, but I have found older specimens 
,vith npt a trace of ring or veil. The top is every shade fronl pure 
white to deep brown; and, altogether, I can only advise the amateur 
to have one identified by an expert, if possible. Though diflÌc.
ult to 
describe, the taste and smell are so peculiar to the species that there 
is not much danger of deception when once you have made their ac- 
quaintance. 
The most easily-recognized agaric is the maned mushroom (Copri- 
nus cO'Jnatus). When fit for food, it is the shape of a turtle's egg; 
that is, ovate, but alike at each end. Tþe top is brown and smooth, 
but toward the earth the outer skin rufHes up, p1aking a white mane 
or fringe of concentric layers around it. The stem is hol1ow, and on 
being cut appears, as it cool\:s, like macaroni. There is a ring round 
the stem, ,vhich is movable in the well-developed })lant. 'T ery soon 
after acquiring its growth the points of the gills turn black, some- 
times running into pink; then it opens urn bre
la-like, and Inelts into 
an inky fluid. This was the first fungus we dared to eat on our own 
recognition, and has no poisonous counterpart. It should never be 
eaten either stale or having black gills, or when found around dust- 
heaps or other .offal. 
The second experiment "Tas made on the elIn-tree mushroonl 
(Agaricus 'Ubnarius). It grows only in fall on the elm, has a thick, 
solid stem (sometimes set in the side), broad white gil1s, firm \vhite 
flesh, and 
 Jight-yellow top, at first smooth, fina1]y spotted and 
cracked. Older, the gills turn yellow and the top very leathery. I 
know of no other large fungus with gills and white :flesh growing 
from the elm. It is most common in a cleft, or where a limb has been 
sawed off, and often reappears yearly in the same spot. 
The family of the Russulæ is quite safe for beginners. In the 
common mushroom you will notice the gills are pliable; the flesh 
also can be bent ,vithout breaking. The milk-mushrooms and the 
Russ1.llæ are very brittle; the gills do not mat down like the horse- 
mushroom, or the elm-tree musl}room; they break into small })ieces, 
while the whole fungus snaps suddenly on being bent. If milk or 
juice comes, I ad vise the amateur to reject the specimens. A novice 
should not attempt to cook them. If they are perfectly dry, taste a 
small piece. If it is not an erlible russula, it will be likely to bite 
and sting the tongue, while all the esculent varieties of the genus aloe 
tasteless, mild, or with the flavor of chestnuts. There is one vflry 
common variety (Russula alutacea) with a bright-red top, buff.colored 
VOL. XI.-7 
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gills, and stout, short sten1. But two others (Russula emetica and 
Russula rosacea) rC8elllble it so closely that, to this day, as I wash 
thmn, I invariably put a little piece of the stem of each into my mouth, 
in orùer to avoid all possibility of mistake. 
I am in hopes to establish the truth of this theory: nan1ely, that 
no fungus which, unspiccd, being plainly cooked with dry heat, com- 
mends it5elf to the taste, can be dangerous to human life. 
I ad vance this proposition with hesitation, because nlany people 
have so little sense in such matters. l\Iushroorus are mixed with 
gra vies, fried in batter, simmered in fat, seasoned with black pepper 
or parsley-leaves, and their delicate flavor destroyed by compounding 
them with other food.. The cook, thereby, disguises the very alarm 

'hich Xature has placed at the gateway. One of the most common 
signs of hurtful fungus is a stinging sensation affecting the tongue 
but little, the throat and tonsils more, and probably having the most 
effect upon the stomach and bowels. Let the' mushroom absorb fat 
enough to cover this, or disguise the taste either by spice or by mixing 
one ,.ariety with another, and you may easily eat enough of a poison- 
ous fungus to cause death. 
Julie and I have tested perhaps forty varieties of toadstools; of 
these, we eat regularly, whenever found, considerahly more than one- 
half, and are daily making additions to our bill of fare. Yet, I,vould 
not have tbe reader infer tbat ,ve act carelessly
 In whatever cause, 
reckless disregard of consequences is not bravery, although no two 
elements are oftener confounded. After tracing a specimen to its 
family, ,ve broil it with the addition of salt and butter (no pepper), 
and eat a small piece òn an eznpty stomach. \Ve then increase the 
quantity in successive experiments until we feel perfectly safe, or 
experience unpleasant sensations. Usually, the non-ediùÍe fungus 
discloses its character over the charcoal: nauseous slime 'weeps from 
the stem, a grassy and disagreeable odor arises as it heats, or, on 
being tasted, there is no desire to take another mouthful. The intui- 
tion of woman, the cleverness with which the feminine mind grasps 
at an idea over which the stronger sex will reason mentally for hours, 
is nowhere more valuable than in the pursuit of this study. 
"r e have never yet been deceived into making a meal of poisonous 
fungus. From the sparkling coprinus (Coprinus m
caceus), a little 
toadstool very common about old stumps, and one or two other kinds, 
we have received evidence that condemned them as esculents. But 
,ve were once poisoned by some common mushrooms contan1Înated 
by being sent in a box containing a large number of another kind. 
The latter ( Coprinus deliquescens) were in a state of decomposition. 
They eventually turn to ink, independent of contact ,vith any fluid 
substance. In passing, I would say that the manuscript of this arti- 
cle is written with the result of such deliquescence. 'Ve had scarcely 
swallowed the edible ones before we felt the effects of the .poison. 
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Ou.r symptoms 'were not unlike those exhibited in no person using 
tobacco for the first time. Dizziness, nausea, purging, perspiration, 
with alternate cold spells, all pass
d over us ,,
ithin an hour, so rapicl 
is the effect of the mushroonl-virus. Two wineglasses of whi::;key and 
sweet-oil (equal parts) neutralized the poison, and in a few hours ,ve 
,vere no ,vorse for the experience. 
1 would prescribe tbis relnedy in all cases rather t}1an the use of 
emetics. On1Ït the whiskey, if you pl-ease, or substitute vinegar for 
spirits, but take sweet-oil libcraJIy in case of a nlÜ:take. I believe 
the Italians eat. many dangerous fungi .with impunity, because, when 
fresh, their properties are changed by sweet-oil; l)reserved, they al
e 
neutralizeù by pickle. Either of these elelnents renders harmless the 
peculiar alkali, to a superfluity of which mushroonls o,ve their noxious 
qualities. 
,,-r e must use the same discretion daily enlployed in selecting other 
food. ""'ho ,vould willingly eat tainted meat? Is it so very unconl- 
mOll to find a goose or duck too strong to be .palatable? 'Yho has 
not been poisoned by bad oysters, stale fish, or overripe fruit? 
Because many muShrOOlllS do not agree 'with the human system, 
it does not foHow that they are deadly poisons. I have friends who 
do not pretend to distinguish varieties, but eat ,vhatever bas an appe- 
tizing flavor. (1 do not consider this safe ground, because tl]e inabil- 
ity to identify anyone variety is douhtless the cause of many cases of 
poisoning. ) Yet, although they claim to }1ave made their Lreakfast 
from such obscurely known kinds as that which I afterward classified 
as the smearep.. cortinarius (Cort'inarills collinitlls), I have never 
known thenl to ackno,vledge any other sensation than an intense 
desire to hunt for nlore. Julie and I had one day eaten })lentifully 
of the honey-colored ll1ushroolll (Agaricus 'Jnellells). On looking it 
up in Greville, a ,yen-known ScOtcll authority, I found tl]e following 
notice: "This species is said to Le freely eaten on the Continent; at 
least Fries quotes the authority of Trattinick for the fact. But, on 
the other hand, Persoon gives it a bad character. In this he is sup- 
ported by Paulet, 'who tried its effect upon a dog. The poor allÏ111al 
died twelve hours after receiving the poisonous fungns." 
N ot,,
ithstanding such a ,varning, it continues to 'be no favorite 
nrtic1e of diet with us to-day. I think it may be noxious r::1:w., but 
that the heat kills the virns. It Blust be remembered that toadstool- 
eating is by no means an exact science. Fungus-eaters are daily 
making discoYer
es. T,venty yc>ars ago the two leading authorities 
of England and Alncrica, Berkeley and. Curtis, considered the Copri- 
nus cO'Jnatus poi
onous. 
There are but two "Tays in which it is proper to cook nlushrooms. 
By far the rnajority are best broiled on a fine-wir
 gridiron. They 
should be sprinkled 'with salt and (if the f'pecies is ,,-ell known as an 
esculent) red pepper, buttered as the fire bro,," ns them. Otherwise, 
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ste\v them in milk, exactly as you would make an oyster-stew. The 
elm-tree mushroom, the honey-colored. mushroom, and any others tast- 
ing raw of gras
 or trees, are only good broiled. The mead.ow-mush- 
room, hor:;e-mnshroom, or coprinus, are excellent cooked 'either way. 
There is no doubt of the ,vholesome character of esculent fungus. 
During the season, we eat them at our table three times a day; some- 
times of a half-dozen kinds at a Ineal. 'Ve never enjoy better diges- 
tion than during toadstool-time. They furnish a natural alkali ,vhich 
in some systems is greatly needed. 
'Ve also dry them for use in winter. The Chinese and..Japanese 
make dried fungus a very general article of diet. I speak here from 
personal acquaintance. with their habits, acquired by a residence in 
San Francisco and Honolulu, as ,veIl as in their native land. No better 
substitute for meat than fungus can be found. Neither its odor 'wben 
cooking, 1101' the gravy it make:5, resembles any form of vegetable food. 
This is but natural, since the plant absorbs oxygen from the air, after 
the manner of animals. 
l\Iushrooms grow above the ground, like any other plants. I have 
careful1y watched all kinds, both in a natural state and when raised in 
my own cJoset. The common mushroom (supposed to spring up in a 
night, and which, says vulgar error, must be gat11ered ,vith the de\v 
on it) takes about ten days to mature from a button the size of a pin- 
head to a disk three or four inclles in diameter, although most of this 
time the cap is just beneath tbe soil. This is the aver3ge period 
needed in acquiring perfection by other kinds, although some, as the 
Ooprinal'ii, do not consume half that time. 


NOTE.-Outlines of British Fungology, by Rev. M. J. Berkeley. LonGon: L. Reeve & 
Co., 1860. 
Handbook of British Fungi, by M. C. Cooke. London: MacmiIIan &: Co., 1871. 
A Plain and Easy Account of British Fungi, by M. C. Cooke. London: Robert Hard- 
wicke, 1871. 
MU5hrooms and Toadstools. 111ustrated with Two Large Charts. By 'V orthington G. 
Smith. London: Robert H
rdwicke, 1867. 
The Esculent Funguses of England, by C. D. Badham. London: L. Reeve &, Co., 1870. 
Fungi: their Nature and Uses, by. M. C. Cooke. Edited by Rev. M. J. Berkeley. 
New York: D. Appleton & Co., 1875. 
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SKETOII OF PRESIDENT B-L1-RN,L\.RD. 


A 1\IOXG the promoters of scienC'e and Iiberal culture in our time, 
few men have labored more efficiently and F:llccessful1y than the 
present vers:ltile and accomplished President of Colunl bia College. 
Althou g h Dr. Barnard has done J1Ïs share of orio-inal scientific work 

 , 
it is not claimed for him that he has made any great discoveries; 
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nor could this be justly expected of a man 'whose life has been 80 
absorbed in the work of educational reform, the progress of scientific 
culture, the organization and administration of col
egiate institutions, 
and the furtherance of tbose higher measures and agencies of intel- 
lectual improvement which are never carried out except through the 
executive force and iudoruitable perseverance of a few men who are 
specially constituted tor such tasks. Dr. Barnard has llecn untiringly 
busy in these import.ant spheres of aeti\Tity for nearly half a century, 
and seenlS still in the prilne and vigor of his powers,. and the meridian 
of his public influence. 
FREDERICK AUGrSTUS PORTER BARKARD was born in Sheffield, 

Iassachusetts, in tbe year 1809. lIe "Tas educated at Yale Col- 
lege, vdlere he graduated in 1828. lIe began his career as teacher 
by taking the position of tutor in that institution in 1829. In 
1831 he ,vent to Hartford, and engaged as instructor in the Asy- 
1nm for the Deaf and Dumb; and, becoming interested in this branch 
of teaching, he suùsequently pursued it in the .Deaf and Dumb Asy- 
lum of N e,v York. lIe aftervtard pubJishcd an "Analytic Grammar, 
with Synlbolic Illustrations," based upon a system he had origi- 
nated for teaching the deaf üud dumb, and which is still used in 
institutions devoted to their education. Dr. Barnard ertrly chose the 
South as his field of labor, and in 1837 became Professor of .l\Iathe- 
matics anù Natural PhiloSOl)hy in the University of Alabama, at Tns- 
caloosa, and subsequently took the chair of Chemistry in the saIne insti- 
tution, which he held until 1854. The same year he took orders in 
the Protestant Episcopal Church. In 1854 he became Professor of 
.l\Iathematics, AstronolllY, and Civil Engineering, in the University of 
l\Iississippi, at Oxford, was elected its president in 1856, and promoted 
to its chancellorship in 1858. During his long residence at the South, 
Dr. Barnard devoted himself "Tith great energy to the subject of edu- 
cation, both prinlaryand academIc, and üdvocated liberal and ad- 
vanced views regarding college polity in several able reports. Never 
an opponent of classical culture, he fr
ely criticised it, and strongly 
urged the clain1s of science to a larger and highpl" place in modern 
study t]lan had been hitherto allowed. At the approach and out- 
break of the' civil "rar, President Barnarò, remaining loyal to the 
Union, found himself embarl"a8sed in his Southern position, and in 
1861 he rcsigned his chancellorship aud his chair in the university, 
and returned to his native-North. In 1862 he was engaged in continu- 
ing the reduction of Gilliss's observations of the stars in tlle south- 
ern hen1Ísphere. ' In 1863 he was connected ,vith the Unitcd States 
Coast Snr,'ey, and had cbarge of chart-printing and lithography. Prof. 
}\[cCul1och, "Tho occupied the chair of PhysiC's in Cohun hia College, 
New York, ll:lving left the institution and gone South to take his 
chances with the Confedernte cause, Dr. Barnard became an applicant 
for the vacant })oRition; but, instead of accepting him for this place, 
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the trustees of the institution elected him 3S its president in 1864, 
which office he still holds. Coincident 'with his accession to the prpsi- 
dency of. Columbia CoHege, an inlportant step ,vas taken by the nlan- 
agel's of the institution for the promotion of scientific education by 
the e
tablishment of the Bchool of l\lines, and the appointment of an 
able faculty to carry it on. This branch of the college has been so 
,veIl adn1Ïni
tered as to become a great success. Its facilities for sci- 
entific training are ample and well directed, and in the number of its 
students it is already the rival of the classical departn1ent. 
Dr. Barnard has ,vritten much upon both scientific and educa- 
tional topics, and ùone a good deal of important 'work in connection 
with the various international expositions of industry, to ,vhich he 
has been commissioned by our Government. His last iUlportant liter- 
ary undertaking has been the editorship of Johnson's "N e,v IHus- 
trated Universal Cyclopædia." He has received many honors from 
institutions of learning and leading scientific" societies, both in this 
country and abroad, and has been President of the Alnerican Associ- 
ation for the AJvancement of Science, of the American l\iicroscopicaJ 
Society, and of the American Institute, N ew York. The follo,ving 
are President Barnard's most important publications: 
In the Journal of Science. 
1. Aurora Borealis, 1838. 
2. Improvelnent in Photography, 1842. (This was one of the earliest pro- 
ceSRes discovered for quickening the sensitiveness of Daguerre's iodized 
plates.) 
3. Theory of not-Air Engine, 1853. 
4. Modification of Ericsson's Hot-Air Engine, 1853. 
5. Elastic Force of Heated Air, 1854. (A series of papers.) 
6. Comparative Expansion of IIeat in Different Forms of Air-Engines, 1854. 
7. Mechanical Theory of Heat, 1854. . 
8. Examination of the Theory which ascribes the Zodiacal Light to it Ring sur- 
rounding the Earth, 1856. 
9. The Eclipse Expedition to Cape Chudleigh, Labrador, i8GO. 
10. Hydraulics of the :Mississippi, 1863. 
11. Explcsive Force of Gunpowder, 1863. 


In the Proceedings of the American Association for the Advancement o.f Science. 
12. On the Pendulum, with Description of an Electric Clock with Penduhnn 
perfectly free, 1858. 
13. On the :Means of preserving Electric Cøntacts from Vitiation by the Spark 
18.39. ) 
14. Extenùed Report on the History, :Methods, and Results of the American 
Coast Survey, 1859. 
15. On the Assumed Identity of Mental and Physical Forces, 1868. 
. In the Reports of the Smithsonian Instituti()n. 
16. The :Matllematical Principles of the UnduJatory Theory of Light, 8vo, pp. 
133, 1862. 
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In the T'J'ansactions of the .American Institute. 
17. The Metric Systen1-History of the Movement in its Favor, 1871. 
18. Theory of the High-bpeed, Heavy-Piston Steam-Engine, 1871. 


In the American }.....aturalist. 
19. Description of 3 New Form of Binocular Microscope, 1871. 


Published by the Trustees of Columbia College. 
20. Essay on the Metric System-Examination of the Objections brought against 
it, anù Discussion of the Values of its "['nits, with an Appendix on the 
Unification of Moneys, 8vo, pp. 194, 1872. 


Published by the Senate of the United States. 
21. Machinery, Processes, and Products of tlle Industrial Arts, find Apparfitus 
of the Exact Sciences-Report on the Exposition of 1867, 8vo, pp. 669, 
1868. 


In "Fielá's Outlines of an Internati{}11,al Oode." 
22. The chapters relating to Money, Weights find Measures, Longitude and 
TiIne, and Sea-Signals, 8vo, pp. 86, 1870. 


Published by the Public Health .Association of the United States. 
23. On the Germ-Theory of Disease, 1874. 


In tile Journal of the General Convention of the Protestant Episcopal Church 
for 1871-Appendix. 
. 
24. On the Principles of the Ecclesiastical Calendar, with Concise Rules for 
finding the :Movable Feasts, 1871. 


In Johnson's Cyclopædia. 
25. Numerous articles on topirs in 
Iathelnatics, :Mechanical and Physical Sci- 
ence, and on miscellaneous subjects scattered through the published 'Vol- 
umes, 1874-'75. 


Among I}is educational papers may be mentioned: "Letters on College Gov- 
ernment," 1854; "Report on Collegiate Education," 1854; "Art-Culture," 
1854; "Improvements practicable in American Colleges," 1855; "University 
Education," 8vo, pp. 104, 1858; "Relation of University Education to Common 
Schools," 18;)8; "Studies best adapted to Early Culture and Preparation for 
College," 1866; "Elective Studies in College Education," 1872; "Analysis of 
Statistics of Collegiate Education," 1870; Annual Reports to tLe Trustees of 
Columbia College, 1865, et seq.-a series; and numerous papers on Deaf-Mute 
Instruction, 1832-'37. 
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CORRESPONDENCE. 


L
SECTS A
 FLOWERS :rn COLORADO. 
To the Editor of the Popular &ience Monthly. 
U KDER the above heading, in the Jan- 
uary number, Mr. Meehan calls for a 
li3t of the Hymenoptera and Lepidoptera, 
abundant enough to probably act as cross- 
fertilizers of flowers in the region observed 
by him -namely, from Denver to Golden 
City and Idaho Springs, through the South 
Park to Pike's Peak, thence l'eturning to 
Denver direct. 
In 1871 (the year of Mr. Meehan's ob- 
servations) I spent the montts of JUllC, 
July, August, and September, entirely in 
the region mentioned, and devoted my time 
almost exclusively to the collection and ob- 
servation of Lepidoptel'a. In no place out- 
side of the tropics have I found a better col- 
lecting-ground, at least so far as diurnals 
are concE'rned, both as to variety of species 
and number of specimens. This abundance, 
however, is chiefly notic.eable early in the 
season, as indicated by the number of speci- 
mens I was able to secure in the different 
months-namely, 1,792 in June, 1,483 in 
July, 607 in August, and only 43 in Sep. 
tember. 
Of insects of other orders I colIected 
about 3,800 specimens; but very few of 
them were Hpmenoptera, as I devoted only 
rainy days to the collection of insects other 
than butterflies. Several specie
 of hum- 
ble-bees were observed; these did not seem 
to confine their attention to any particular 
kind of flower. 
At Idaho Springs, about the middle of 
August, I saw hundreds of Noctuidæ at- 
tract
d by the lights of the hotel, and cap- 
tured some sixty specimens. A notewor- 
thy fact is that in the Alpine regions many. 
Noctuidæ were diurnal in their habits. The 
most abundant species was Heliotltis .J1leadii. 
(Grote); the:;e moths were found flying 
from flower to flower, or resting upon flow- 
eãs both above and below tbe timber-line. 
The white-lined sphinx (Deilephila lineata) 
was also quite plentiful in some spots and 
seemed quite partial to larkspur and si:nilar 
showy flowers. 
Certain diurnals of arctic types positive- 
ly swarmed on many of the peaks-for ex- 
ample, Argynnis Helena (Ed wards), anù 
lower down several species of jle'itcpa Phl/- 
ciodrs, and Ar,Qynnis, were constantly'to be 
found at flowers. 
I give a list of the more abundant but- 
terflies, with the number of specimens of 
each species or genus taken, elassin
 those 
occurring almost eiltirely at or above the 


timber-line as Alpine; those found mostly 
below 11,000 feet elevation as valley species 
-the species in the latter class which range 
above the timber-line to any great extent 
are designated by an asterisk (*). 
Necessarily most of the collecting was 
done below the timber-line; hence the AI- 
pbe species were more abundant in individ- 
uals than the recorded number of specimens 
collected would indicate. N one of the spe- 
cies are likely to have been introduced by 
the agency of man. 
ALPINE SPECIES. 
CoHas M eadii. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . 65 
Ar
ynni8 (5 specie
).......... ... .. '. ... .... 190 
ChlOnobas (2 specie
)..... .. . eo.. ..... .... .. 25 
Ere bia Tyndarus, variety Callias. . . . . . . . . . . . 62 
Hesperia near Centaureæ........... _....... 16 
VALLEY SPECIES. 
Parnasf:ins SmintheUl:! *. . . .. . . . . . . . . . . . . . . .. 241 
Pieris (3 species)............................ 106 
Anthocharis (2 species).... .... . eo ...... .... 79 
Colias (5 species)........ . eo... .. ... .. eo. ... 339 
Vanessa, Grapta, et.c. (9 specie8)........... 138 
Argynnis (8 species)... ......... '........... 210 
Euptoieta Claudia * (very abnndant)........ 52 
Melitæa and Phyciodes (8 specie
).... " .... 291 
Sat
'ridæ * (7 species).... . ....... ........... 495 
Lycænidæ * (21 specie8).. eo.... . .., .. ...... 835 
Hcsperidæ.. . ... . . .. .. .. .. . . .... . .... . '" ... 219 
Geometridæ and Nocluidæ * . ... . .. . .. . . . ... 318 
THEODORE L. :MEAD. 
CORNELL UNIVERSITY, January 20, 1877. 


SINGING IN THE EARS. 
To the Editor of the Popular Science lJlontldy. 
}fRo EDITOR: Do the minute tones heard 
in "singing" or U ringing in the ears" 
have any musical relation to each other? 
U Singing in the ears" is a mingling of 
minute tones, somewhat like the Ringing of 
a tea-kettle, caused by undue pressure of 
the circulation in tbe head, etc. 
In my own case, the minute tones seem 
to be octave.f/, and thirds, and fiftlts apart, 
forming chords and progressive intervals. 
In investigating- the relation of music to 
the physiology of audition, I find this a 
very important question. demanding a .mul- 
tiplicity of evidence. wm those of your 
readers who have information on this mat- 
ter (positive or negative, but exact) write to 
me ? X. Y. CLARK, 
Box 2,260, 
SAN FRANCI800, CALIFOR.NIA. 


FEEDING-HABITS OF WOOD-ANTS. 
To the Edit01' of the Popular Science .JIO;lth
,!/. 
IN the J.larch number of your journal, 
page 634, is a notice of the" Singular Feed- 
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ing-llabits o.f W o.o.d-Anl s," wherein o.ccurs 
the statement that, if the ants were im- 
mersed in water and placed o.n the ant-hills, 
they were invariably attacked by o.ther ants 
as enemies, etc. This actio.n is so. at vari- 
ance with what I have o.bserved, that I will 
mentio.n an incident which o.ccurred while I 
was bo.tanizing in 'Vi
co.nsin last summer. 
In pa
siIl
 by a large stump I o.bserved that 
the to.p was co.vered with lårge wo.o.d-ants. 
They were feeding on crumbs o.f bread left 
by so.me scho.o.l-children. On the stump 
was a depressio.n, where the ants were in 
large numbers. Pro.curing so.me water fro.m 
a lake c1o.se by, I po.ured it into. the depres- 
sio.n, submerging several do.zen ants. The 
mo.st o.f them swam to. the margin; o.thers 
were in danger o.f drowning. \Vhat was 
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my asto.nishment to. see tho.se who. had es- 
cåped rush into the water, seize their dro.wn- 
ing fello.ws, and drag them to. the sho.re, 
where thev tenderlv turned them o.ver until 
satisfied they were 'alive, when the rescuers 
went back and tried to. save o.ther8! A few 
were dragged o.ut to.o. late-they were dead. 
These were turned o.ver, felt o.f by the an- 
tennæ o.f the rescuers, and left fo.r dead. 
In no. instance was thel.e any appearance 
o.f violence to. the wet ants by the dry o.nes. 
The intelligence sho.wn by these ants was 
greater than I had ever dreamed they po.s- 
sessed, and since tbat time I have had a 
mo.st sincere respect fo.r my lo.wly fello.w- 
labo.rers. 
E. M. IIALE, :ll. D. 
CrnCAGo., Feòruary 24, 1811. 
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IENTAL OVERWORK UNDER THE COJI- 
PETITIVE' PRIZE"SYSTEJI. 
T HE death by suiciùe, not long ago, 
of a brilliant student of Cornell 
University, Emil Schwerdtfeger, at the 
age of nineteen, has a painful interest 
in connection with the subject of edu- 
cation. 'Ye are glad to see that the 
case has elicited some wholesonle com- 
ment on the pa"rt of the press, in re- 
gard to the influences to which he was 
subjected, and the system of culture 
that supplies them; and we think the 
lesson that has been drawn ought to be 
enforced upon the public mind in the 
most pointed and emphatic manner. 
It seems that the young man had 
faHen into a state of hopeless depres- 
sion, after a course of successful study, 
in which he had made the most re- 
markable proficiency in the languages. 
Ilis mental condition reminds us of 
that through which John Stuart }'fill 
passed, when about the same age, after 
being sn hjected by his father to that 
long and terrible discip1ine of acquisi- 
tion wllich is so fully described in his 
autobiography and has been curiously 
confirmed by a letter lately discovered, 
written by young MiU at the age of. 
tllirteen to Sir Samuel Bentharn. Af- 
ter being crammed with knowledge in 
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the most systematic way-dead lan- 
guages, classical literature, history, 
mathematics, and political economy- 
from early childhood, by poring over 
books, until he became a perfect prod- 
igy of erudition, he passed into a cloud 
of melancholy, in which his future lite 
seemed vacant and hopeless. 
\.ll the 
fountains of impulse that had previ- 
ously incited lJim to effort seemed 
dried up in his gloomy dejection. He 
went on with his work mechanicany, 
but without interest, while this por- 
tion of his life, or w hat he did in it, 
was afterward hardly remembered. He 
subsequently described his case in the 
fonowing lines from Coleridge: 
" A grief witho.ut a pang, vo.id, dark, and 
drear, 
A dro.wsy, stifled, unimpa
sio.ncd grief, 
Which finds no. natural o.utlet o.r relief 
In wo.rd, o.r sigh, o.r tear," 


lIe was not ft.ee from suggestions 
of self-destruction which arise in such 
mental conditions, as we gather frOlll 
the foHowing remarks: "I frequently 
asked myself if I could, or if I was bound 
to, go on living, w lIen life must be 
passed in this manner. I generaUy 
answered to myself that I did not think 
I could possibly bear it beyond a year." 
It was unquestionably a case of brain- 
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exhaustion, brought on by steady, pro- 
longed, and severe mental application, 
amI giving rise to the Inorbid condition 
of melancl
olia. Ilis vigorous consti- 
tution, however, rallied and carried 
him through, although he had several 
relapses afterward. His education had 
been conducted as if his n1Ïnd was a 
chamber to be packed with knowledge, 
rather than a force or activity depend- 
ent upon an organ of exquisite delicacy, 
which is liable to be strained, over- 
worke<l, impaired, and broken down. 
The tragical result in the case of 
Scl1werdtfeger was due to two causes, 
from the operation of which Mill was 
comparatively exempt: he had slender 
health, and he was exposed to the arti- 
ficial, high - pressure competitive sys- 
tem which is now so much in vogue 
in the sphere of higher education. He 
was a poor boy, of a highly-sensitive 
natnre, intellectual1y precocious, and 
with an unhappy home, from the trou- 
ble of which he had only been able 
to escape through absorption in books 
nnd study. At fourteen or 'fifteen he 
was employed in an office to translate 
Gerlnan works, and displayed such re- 
markable faculties that a wealthy gen- 
tleman thought he would give him a 
chance by sending him to college. He 
went to Cornell, at the age of sixteen, 
and, though not prepared to enter the 
university, took up his residence with 
one of the professors, anù was quick- 
ly qualified for a<lmission. No sooner 
bad he got in than he began at once to 
be plied with the dangerous stimulation 
of the competitive prize system. A 
pecuniary reward was offered for the 
best essay on the "English verb." 
Our slender lad went in for it and won 
the prize an<l the honor, while yet a 
freshman, with abundant plaudits for 
his remarkable production. The distinc- 
tion thus eady achieve<l had of course 
to be sustained, and an extrinsic and 
artificial pressure was thus brought to 
bear upon the young man, who was 
thereafter expected to be an honor to 


the institution. lIe threw himself with 
all the premat
re ambition of a pre- 
cocious nature into lingual studies-a 
class of studies that stands highest in 
the rank of collegiate scb olarship, anù 
that, therefore, brings most applause. 
It must be remembered, also, that the 
ascendency of these studies has long 
been defended on the ground that they 
afford the most available standards of 
acquisition, or the sharpest Ineans of 
marking the student's progress; in oth- 
er words, are best fitted of all subjects 
for racing and winning honors. Lan- 
guage after language was rapidly ac- 
quired. Schwerdtfeger bought ß Greek 
grammar and stuck to it for ten hours a 
day, as we are informed, getting on with 
such proficiency that a distinguished 
Greek professor, from another institu- 
tion, happening to be thel'e, was set to 
exam ining him. After three or four 
hours of it, the professor declared that 
he was well prepared to enter the 
classical course of any college in the 
country, and was confounded when 
told that Schwerdtfeger bad only be- 
.gun Greek three weeks before. In lan- 
guages he was ahead of any student who 
had ever been in the university. lIe 
gave lessons as tutor in Latin, Spanish, 
German, Greek, French, and Portuguese. 
Under this intense strain his health, 
originally poor, grew worse, and he 
ought then to have at once left the place. 
There is a moral discipline in such in- 
stitutions which, if violate<l, entails ex- 
pulsion; and it is a serious question 
whether there ought not to be a san- 
itary discipline, eqÚfilly stringent, for 
the exclusion of students who damage 
themselves- by over-study. But wllen 
the boy's health quite gave way under 
the stÍ1nulation of college influence, in- 
stead of being sent away, he was struck 
by a baneful agency from without. The 
Intercollegiate Literary A
sociation of- 
fered prizes before the whole country 
for the best essay in Latin, The sick 
boy of Cornell entered into the compe- 
tition, beat all his rivals, and won the 
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highest prize. He then låpseù into feeblement, prostration by disease, and 
deeper n10rbiù despondency, made his premature death. For the natures upon 
will, and shot himself through the head which it takes effect are just those that 
with a pistol. are most liable to become its victims. 
'Ye have here merely another in- Fatal results may not be produced, but 
stance, of which there have been thou- shattered nel.ves and broken constitu- 
sands before, of the vicious working of tions do foUow everywhere upon the 
that competitive system in our higher competitive prize system, because it is 
educational institutions, which should the readily impressible, the impulsive, 
receive the inexorable reprobation of find the unregulated, that are taken by 
the community. Prof. J ohannot writes its lures. 
to the Tribune, in relation to Schwerdt- It is a physiologi
al fact of the gr
at- 
feger's case, saying that Cornen U ni- est importance in education that, under 
yersity neither forces, crams, nor uses the stÍInulus of intense feeling and fac- 
class-markings, which is all very wen; titious excitement, the brain is capable 
but how about competitive prizes î Does of making rapid and extensive acquisi- 
it forbid these to its students? and, if not, tions, which are, of course, correspond- 
is there no "forcing" here? Schwerdt- ingly transient. The cramnlÍng policy 
feger began and ended at Cornell by rests upon tþis capability of the brain, 
gaining prizes. If Schwerdtfcger "came and it is this to which the competitive 
to the institution an exceptional stu- })rize system appeals. It bids for im- 
dent, with a thirst for knowledge which mediate, striking, and showy results in 
was an absorbing passion, and bad Inor- acquisition, to be gained by exhaustion 
bid fancies and an inherited tenùency of the plastic power of this organ, and 
toward insanity and suicide;." if he that, too, during the period ofits growtlJ, 
was" fascinated with the life and fate when the forces are required for en- 
of Chatterton," then the instit.ution that largement and advancing organization. 
took charge of him is to be all the more It violates this fundamental principle 
condemned for exposing him to the fatal of education: that intellectual acquire- 
stimulus of competitive prizes. ment, to be permanent and valuable, 
It is forgotten that we live in an age must be slow; and that, for healthful 
of excitement-a speculating, gambling, \ mental development, knowledge, like 
horse-racing age, feverish with politi- food, must be taken as required by nor- 
cal, religious, commercial, and sporting mal appetite, and become assimilated 
rivalries. An grades of society are in- into faculty by the quiet, unforced pro- 
fected by it, and the universal interest cesses of organic transformation. The 
in it is sueh that the newspapers are protests in recent :rears against this 
crmnmed day by day with the details policy have been many and emphatic, 
of competitive conflicts in numberless and nluch has been done to check it; 
forms, from fuot-races up to political but it will undoubtedly continue so long 
campaigns. Against all this our high- as partial parents continue to be im- 
er education ought to make a stand. posed upon by the shallow parade of 
But, instead of doing' 80, the coHeges, examinations, exhibitions, and prize- 
in various degrees, yield to. the genera] shows. 
tendency, and, in fact, avail themselves The Intercollegiate Literary Associ- 
of the competitive spirit in carrying ation now appears as a new force well 
on their work The pernicious effects calculated to thwart this beneficent ten- 
of artificial excitements and provoca- dency. It works by prizes and honors 
tives are undeniable and notorious. in their most mischievous forms, by bla- 
ltfany have been sacrificed to this for- zoning the victories of students through 
cing system, through constitutional en- all the newspapers in the land; so that 
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one might almost infer that the very has got in the field of education; but 
object of its establishment is to encour- we can admire. that pluck of opinion 
age and stre.ngthen the worst feature of which does not recoil from its logical 
educational pra
tice. It is not an organ- consequences. 
ization to improve the colleges by giv- 
ing encoUl'agement to neglected studies, 
or by bringing their schemes of instruc- THE RELATIVE IMPORTANCE OF IDEAS. 
tion into completer harmony with the WE picked up an educational paper 
claims of modern knowledge or the ne- the other day, presenting a long list of 
ces5ities of modern life; but it offers distinguished m
n as editors. This 
its sensational rewards for proficiency promised well, as the field of .American 
in just those subjects which have long education is not the place where the 
usurped undue attention in the collegiate editoria]" dummy" humbug would be 
education. It applies increasing press- tolerated. .Albeit the wisdOIn of the 
ure in those directions in which press- periodical did not seem to be of a very 
ure is already excessive. Hence, if there solid sort, though we read on, hopefully 
are any students already shaken by strug- expecting to find it at every step. At 
gles to get the leading positions in the length we came upon the reviews of 
colleges, the Association tempts them to periodicals, and thought perhaps here 
come forward and fight it out with each we should discover the sound sense 
other before the whole country
 It will promised by the import of the editorial 
remain true to the end of time that names. 'Ve found the story-telling mag- 
those who sacrifice an the rest of their azines dissected, weighed, and meas- 
nattlre to. the attainment of anyone ured, with care and fullness. The writ- 
object will win it as against those who er was here clearly interested in his 
regard the claims of their whole nature. topic; but when we came to THE Popu- 
The Intercollegiate .Association bids for LAR SCIENCE MO:YTIILY it was different. 
the .best cases of one-sid.ed development. The writer said he never thought llluch 
If a student has sacrificed Lis bodily of it, and, though he had no ùouùt there 
health to brilliant scholastic results, the was some truth in Evolution, }le did not 
Association wants him for exhibition. .lik
 to have it thrust in his face and be 
Johannot says that Schwerdtfeger, ,. in bore
 with it perpetually. in accordance 
preparing for the late intercollegiate with the usage of this periodical. This 
contest, made no extraordinary effort;" was the first time that he llad broken 
yet he beat all the healthier fellows out out into adverse criticism. He had been 
of sight, and the ....\.ssociation gave him hitherto much pleased; the contents of 
a prize for his disease. If it killed him, the story-telling magazines had not 
no matter; that was but an incident. bored him. Whereat we reflected upon 
Do not horses often die on the race- the different values assigned by differ- 
course 1 and are not men often killed ent minds to different ordeol's of ideas. 
in the prize-ring 1 Aspirants must take 'Ve think the trashy love-sick stories, 
their chances. To the earnest protest of the idle gossip about notorious persons, 
ß correspondent to its encouragement and' the dashing sensational criticism, 
of the Intercollegiate Association the which make up the chief portion of our 
editor of the Tribune replies, "Even if literary periodicals, to be not very im- 
young Schwerdtfeger's death could be portant; and on the other hand we 
directly traced to overwork in 
onnec- think that Evolution, if true, is a very 
tion with the recent competition in this important matter indeed, and as the 
city, we should hesitate before condemn- case stands it seems to us of very great 
ing the intercollegiate literary contests." intere:,;t to know what the ablest men 
This is a little startling as an illu
tra- 0 1 of the age are thinking ahout it. Its 
tion of the foothold that sporting ethics estaùlishment anù general acceptance 
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HUlst work the deepest and most far- 
reaching revolution in human thought 
of any truth to which the human mind 
has ever attained. Therefore we have 
taken some pains to keep our readers 
informed about it. .And this was the 
J110re necessary, as the literary periodi- 
cals of large circulation' pass the sub- 
ject by, and the larger the circulation 
the more carefully is it ignored. They 
value, prefer, and select that which 
will" pay," and in so doing they cater, 
for mercenary purposes, to the caprice 
frivolity, prejudice, and ignorance of 
their readers, not troubling them much 
with the great and serious truths which 
sëience is working out for the world. 
It is gratifying to find .that we are not 
singular in our estimate of the relative 
mOment and significance of these two 
forms of intellectual occupation. A 
writer who gives elaborate considera- 
tion to President White's "Warfare of 
Science" in the Westminster Review 
opens with the following pungent ob- 
servations : 
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the passive contempt of neglect. Men arc 
much to us, while doctr.ines are little. We 
like to have our truths in the flesh; and we 
are too apt, when we find a doctrine incar- 
nated, to neglect tu.e sacred revelation and 
worship the man, to transfer the revcrence 
which is due to an idea to the indhridual 
who is, as it were, the bearer of it. Here we 
llave, in epitome, the history of many re- 
ligions. :Men will worship the truth with 
startled reverence, then they will worship 
the truth-bearer and overlook the truth in 
the symbol, and forget that of which it is 
the sign." 


. 


CONCERNING "BLUE GLASS." 


WE are asked why we do not dis- 
course of Pleasonton and" blue glass." 
'Yhy should we î Is it not abundantly 
considered by the press already? The 
01ject of our pages is to treat of sub- 
jects that are too generaHy neglected; 
to give expression to those great re- 
sults of discovery and scientific thought 
which get but a meagre share of atten- 
tion fronl the popular press, and we 
cannot find half room enough to do this 
work as it should be done. '10 But, 
really, what do you think of Pleasonton, 
"It has always seemed to us a matter 
for some wonder that people should take and the blue-glass cure?" is now the 
Buch a deep interest in the peddling events obtrusive question. 'YeU, we think 
of poor individùal human existences, and that the mon is a pestilent ignoramus, 
BO little in the dynasty of ideas; that they and his book the ghastliest rubbish that 
should be content to wear their eyes out has been printed in a lmndred years. 
over the driveling three-volumed account He may be entirely 110nest, but that 
of" the loves and hates of vapid men and 
t . d 1 tl . fi t t is no reason wh y we should give atten- 
women, 0 III U ge leII' nes erno ions 
over the fifth act of some puling melodrama, tion to his egregious foUy. Pleason- 
and yet he nltogether indifferent to the gi- ton, however, it must be confessed, 
gantic drama of truth in which the unity serves one important function: he 
of place is tIle world, the unity of time the gauges for us the depth and density of 
centuries, and the actors are beneficent American stupiùity
 De Morgan says, 
truths or malevolent errors. Why men 
should be indifferent to these momentous somewhere, that certain men appear 
events in the past which constituted the occasionally to play the part of "fool- 
bistory of Mcie.l1ce, the history of philoso- ometers" in the community, that is, to 
phy, and, in the truest sense, the history measure the number anù quality of the 
of religion, and yet should enter with such fools furnished by any given state of 
eager zest into the gossip of the day and the 1 . f 
societ y . Pleasonton has done t us or 
trivialities. of perRonal rcminiscenee, it is 
difficult to suy. But, llOwever hard it may us with an accuracy that leaves nothing 
be to discover the meaning of, tllCre is no to be desired. Our showing in this re- 
possibility of doubting, the fact. While the spect is on a very Ilandsome scale, fu
ly 
personal histories of mf'n who have very commensurate with the length of the 
sm
ll c,l t a h ims .u d 
on ou , r ?etter syrn P I athies ?re 
Iissi
sippi, the 'sweep of the prairies, 
rea'..! WI 0\'1 Ity, tIe lmpersona narratIve t . IE h.b.fon 
of truths which have paramount claims up()n the glory of the Cen en
Ja. x I lId 
our hearts and our Leads are treated with I the grandeur of the natIOnal debt, an 
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the splendid proportions of our system 
of education. He is a public Lenefac- 
tor, in that he has given us another 
"big thing." The interesting point 
just now about" blue glass" is psycho- 
logical. It is an exponent of popular 
intelligence, an index of culture, a 
register of common-school work, and 
a test of the influence of colleges. Our 
collective schools produce in the com- 
munitya certain state of mind; "blue 
glass" indicates it. There.js evidently 
a very close connection here, and the 
problem deserves to be worked out. 
If the Intercollegiate Literary Associa- 
tion wiU offer an additional prize for 
the best essay on the connection be- 
tween the study of Latin and Greek 
and the "blue-glass" mania, THE PoP- 
ULAR SCIE
CE 
IOYTHL y will furnish 
the money for the purpose. 
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THE E
GLISH CONSTITUTION, AND OTHER Es- 
SAYS. By \V ALTER BAGEHOT, Author of 
"PÌ1ysic
 and Politics," Editor of the 
Economist, etc. Pp. 468. N e
v York: 
D. Appleton & Co. Price, $2. 
As we sit down to write a not.ice of this 
interesting volume, we are startled by the 
painful intelligence of the sudden dE'ath of 
its distinguished author. Mr. Bagehot was 
in the prime of tife and the full vigor of his 
powers, as attested by the recent fertility 
of his pen and the sustained character of 
hi
 intellectual work, His- position as a 
writer was quite unique in the literature of 
our time. Strongly attracted to the study 
of public affairs, and devoting himself spe- 
cially in his weekly journal to the consid- 
eration of economical and commercial sub- 
jects, be always dealt with them in a broad, 
philosophical spirit, and wrote upon them 
in a style of peculiar literary excellence, 
for which he was quite unsurpassed among 
contemporary writers upon these topics. 
Beside
 hi
 contributions to tlJe reviews, 
embracing close discussions of government 
policy and commercial economies, and his 
admirable biographical sketches, Mr. Bage- 
hot is chiefly known by his volumes on 
" Physics and Politics," " Lombard Street," 


and "The English Constitution." . This is 
his most important work, and that by which 
he will be best known in the future. The 
book on "LoJIlbard Street" is a special 
stuùy of the money question, but the ,. Phys- 
ics and Politics," which was reproduced in 
:French under the happier title of " The De- 
velopment of Nations," and" The English 
Constitution," are of a wider interest, as 
they treat, in a scientific spirit, of social 
questions anù phenomena that concern alike 
people of all countries. Those who have 
read the "Physics and Politics" will find 
" The English Constitution" treatell by the 
same method; the principles there devel- 
oped being applied to English constitution- 
al history and the structure of English so- 
cial life. '\Ve cannot, perhaps, give a bet- 
ter account of this work than by quoting 
the preface to the new American edition: 
" 'The English Constitution,' by 'Valter 
Bagehot, has already attracted some atten- 
tion in this country, but it is a work that 
deserves to be much more widely and fa- 
miliarly known. Its title, however, is so 
little suggestive of its real character, and is 
so certain to repel anll mislead American 
readers, that, in bringing out a new and 
cheaper edition of it, at this time, some prefa- 
tory words may be useful for tbe correction 
of erroneous impressions. 
., It is well known that the term 'Con- 
stitution,' in its political sepse, has very 
different significations in Eng1and and in 
this country. 'Vith us it means a written 
instrument, decreed at a certain time to be 
the supreme law of the land. Hence when 
a book appears upon the American Constitu- 
tion, if not a history of its adoption, it will 
probably be a commentary upon its mean- 
ings; that is, some kind of a law-treatise, 
dealing with the technical. interpretations" 
of a legal instrument. The English, on the 
contrary, þave no such written document. 
By the national Constitution" they mean their 
actual social and politi('al order-the whole 
body of laws, usages, and precedents, which 
have been inherited from former genera- 
tions, and by which the practice of govern- 
ment is regulated. A work upon the Eng- 
lish Oonstitution, therefore, brings us natu- 
rally to the direct consideration of the struct- 
ure anù practical working of English politi- 
cal institutions and 
ocial life. 
"The American Constitution was framed 
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by a co.nventio.n; the English Constitution 
is a gro.wth o.f centuries. Books written 
upon the two. Co.nstitutions are, therefo.re, 
likely to differ, IDUl'h as a manualo.f car- 
pentry diffèrs from a hand-book o.f physi- 
ology; the former belonging rather to the 
province of constructive art, and the latter 
to that o.f natural science. 'Vhile in the 
study o.f the American Co.nstitutio.n we are 
occupied with the' intentio.ns o.f the fram- 
ers,' the 'rules o.f co.nstructio.n,' and the 
lore o.f lawyers, to get at the sense o.f a 
printed tract, the study o.f the English 
Constitutio.n intro.duces us mo.re directly 
to. facts and phenomena, 0.1' the laws o.f po.- 
litical activity, so.cial change, and natio.nal 
gro.wth. These o.bjects o.f inquiry o.bvio.us- 
ly lend themselves to. the scientific metho.d 
o.f treatment, which aims to. trace o.ut the 
wo.rking o.f natural causes and inherent 
principles, and hence has interest fo.r all 
students o.f political philo.sophy. Mr. Bage- 
ho.t's wo.rk is written virtually, if no.t formal- 
ly, fro.m this po.int o.f view; it is pervaded 
by the scientific spirit, witho.ut taking on 
the technical fo.rms o.f scientific expo.sition. 
"'Vitb the autho.r's inclinatio.n and ca- 
pacity to. regard public questions in their 
scientific aspects, many readers are already 
familiar thro.ugh his suggestive vo.lume en- 
titled' Physics and Po.litics.' 'The English 
Co.nstitutio.n ' is -a wo.rk o.f the same quality, 
and treats its subjects very much with refer- 
ence to. the principles o.f human nature and 
the natural laws o.f human so.ciety. It is a 
free disquisitio.n o.n English po.lititical ex- 
perience; an acute, cl'itical, and dispassio.n- 
ate discussio.n of English institutions, de- 
signed to. sho.w ho.w they o.perate, and to. 
po.int o.ut their defécts and advantages. 
The writer is not so. much a partisan 0.1' an 
advo.cate as a co.o.l, philo.sophical inquirer, 
with large kno.wledge, clear insight, inde- 
pendent opinio.ns, and great freedom fro.m 
the bias o.f what he terms that' territo.rial 
sectarianism called patrio.tism.' His criti- 
cism o.f the faults o.f the Eng1ish system is 
searching and trenchant, and his apprecia- 
tion o.f its benefits and usefulness is co.rdial, 
discriminating, and wise. He discusses o.ld 
traditio.ns and mo.dern inno.vations, aristo.- 
cratic privileges and demo.cratic tendencies, 
with an absence o.f prejudice that co.mes 
fro.m a predo.minant scientific temper o.f 
mind. Taking up in successio.n the Cabi- 


III 


net, the Mo.narchy, the Ro.usE, o.f Lo.rds, and 
the Ho.use o.f Co.mmo.ns, he co.nsiders them 
in what may be called their dynamical in- 
teractio.ns, and in relatio.n to. the habits, 
traditio.ns, culture, and character, of the 
English peo.ple. The bo.o.k, indeed, is full 
o.f instructive episo.des, and sagacio.us re- 
flectio.ns o.n the springs o.f action in human 
natur.e, the exercise of po.wcr oy individuals 
0.1' po.litical bo.dies, the adaptatio.n o.f insti- 
tutio.ns to. the qualities and circumstances 
o.f the different classes who. live under them, 
and numero.us po.ints o.f po.litical philosòphy, 
which are applicable everJwhere, and have 
an interest fo.r aU students o.f po.litical and 
social affairs. 
"There is much in Mr. Bageho.t's vo.lume 
that bears very suggestively upon the state 
o.f things in this co.untry. His co.mpariso.n, 
in vario.us po.
nts, o.f the wo.rking of cabinet 
go.vernment with that o.f presidential go.v- 
ernment raises questio.ns regarding o.ur o.wn 
system which are fo.rced into. greater promi- 
nence by every decade o.f o.ur natio.nal ex- 
perience. But the bo.o.k sho.uld be reaù 
by Americans not o.nly fo.r the intereöting 
info.rmatio.n it contains, and the brilliant 
light it thro.ws upo.n the internal po.lity of a 
great nation fro.m which we have derived 
so. much of o.ur own institutio.ns, but be- 
cause it will exert a widening and liberal- 
izing influence upo.n the minds o.f o.ur peo.- 
pIe, who. are to.o. apt to. lo.ok upo.n all o.ther 
go.vernments with a kinù of bigoted co.n- 
tempt. Our intense politics, chiefly o.ccu- 
. pied with selfish and so.rdid interests, and 
bitter perso.nal rivalries, tend to. exclude 
fmm this sphere of tho.ught everything like 
science, 0.1' the large and liberal study o.f 
po.litical principles. Karrow vicws lead to 
a depreciatio.n o.f everything fo.reign that 
differs fro.m o.ur o.wn system and practice. 
A distinguished profes
o.r in one o.f o.ur 
leading co.lleges remarked that, when the 
students co.me up in their last year to. ac- 
quire so.me no.tio.ns o.f po.litical seÏence, their 
want o.f info.rmatio.n relating to. everything 
beyo.nd the limits o.f their o.wn co.untry- 
their igno.rance o.f anything like co.mparative 
politics-is to. the last degree discreditable. 
Such narrowness is o.nly to. be corrected by 
travel and extended o.bservation, 0.1' by culti- 
vating tho.se studies and reading those bo.o.ks 
that will give clear and just co.nceptions o.f 
the po.licy of other leading natio.ns. Mr. 
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Bagebot's analysis of the English Constitu- effort like this to effect a bigher uJlity of 
tion will be helpful to this end; and we the different departments of knowledge, 
doubt if there is any other volume so useful which modern science has begun to make 
to our countrymen to peruse before vi:siting possible, Mr. Spencer has been treated 
England. It will enable Americans to under- rather as if he had committed some grave 
stand many things tbat at first perplex and offense against tbe interests of mankind. 
disgust tbem in an old historic country, ".. e bave still large classes who look upon 
where all that most impresses the mind is science with jealousy, and especial1y resent 
so different from what we are accustomed any effort to make it the basis of pbiloso- 
to here. phy, or to develop it into a comprebensive 
"It remains further to say that 
Ir. and autboritative body of thought; anù 
Bagehot's work has a charming readable- tbese classes have opposed and viJified 
ness that would not be suspected from its from tbe commencement Spencer's work 
title or subject. It is written with an easy without scruple or reserve. It is gratify- 
liveliness, a vivacious wit, and a felicity of ing to note tbat this unwortby feeling is 
style, that place it high in the scale of Jit- giving way in many quarters, and is re- 
crary excellence. placed by a growing disposition to do jus- 
" The studies of character of Brougbam tice to his vie'
s; but in othcr quarters the 
and Peel, tbat are appenùed to the present old tactics of depreciation and mi5repre- 
edition, and have not before appeared in sentation are still pursued. \Ve refer to 
tbis country, will be read with avidity, as I tbe latest example. Our readers will re- 
they not only serve to throw additional I member that a year or two since the Britisl
 
ligbt upon the modern politic3 of England, Quarterly Review opened its columns to a 
but give us an interesting insight into the very unmanly and vindictive assault upon 
intellectual life of two of the most conspicu- Spencer, which llad no excuse even under 
ous men who have figured in public affairs the largest license of d('cent reviewing. 
during tbe past generation." That the1'e was some animus in the writer's 
mind quite apart from the fair and legiti- 
mate purpose of sucb work, was obvious 
. enough at the time; but, if there could have 
been any doubt about it, that doubt is dis- 
pe]Jed by the re
ent course of this Quarterly. 
In its January issue it contained anotber 
elaborate article professing to' be a review 
of Spencer's" Sociology;" but the reader 
will hal'dly credit the statement that tbis 
work was not even referred to in the article. 
It was nothing less than an attack upon 
the old" Social Statics," a book pub1i
bed 
twenty-six years ago, and having in its 
preface to the later reprints an explicit 
warning to all readers that i
 does not con- 
tain a true representation of Mr. Spencer's 
present views. The course of tbe Quarterly 
was all the -more outrageous, when it is re- 
membered that Mr. Spencer had stated in 
this preface that the subject discussed in 
U Social Statics" would be reconsidered and 
placed upon a broader basis in the" System 
of Philosophy 7) upon which he has been at 
work since 1860. The writer in the Review 
added, in a note at the end of his article, 
that at the time it went to press the volume 
of Spencer's "Principles of Sociology" was 


THE SYNTHETIC PHILOSOPHY. 
THE PRI
CIPLES OF S3CIOLOGY. By HER- 
BERT SPESCER, Author of "First Princi- 
ples of Biology," "P\'incip]e
 of Psy- 
chology," etc., etc. VoL I., pp. '734. 
New York: D. Appleton & Co. Price, 
82.50. 
THE sixth volume of Spencer's" Synthet- 
ic Pbilosophy" is now before us. This great 
work was entered upon witb many doubts 
as to its merits if executed, and many more 
as to wbether it would ever get done at all. 
It has, however, moved slowly forward for 
the last fifteen years, against obstac1
s, both 
internal and external, which would have 
ordinarily brought such an enterprise to a 
stand long ago. The author's imperfect 
health has been a serious and constant im- 
pediment; the expensivene:,s of the under- 
taking has greatly imperiled its continu- 
ance; and the carelessnesg, stupidity, and 
downright perversity of reviewers, or those 
who undertook to interpret the system to 
the public, have been little calèulated to 
inspirit the author in the progress ûf his 
work. In
tead of welcoming with sympa- 
thy and intelligept encouragement a great 
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not yet published-a false statement, as it 
had been issued in quarterly parts during 
the past two years by 'Villiams & Norgate, 
of London, the publishers of "Social Stat- 
ics" and all tbe volumes of the" Philoso- 
phy." Though we may not expect in Br.it- 
ish Quarte1"y Reviewers any very high sense 
of honor, there is a barefaced recklessness 
in this proceeding which well illustrates the 
sort of treatment that Herbert Spencer has 
been receiving e"er since he published the 
first volume of his" Philosophy" in 1862. 
The readers of THE POPULAR SCIENCE 
MOSrnLY will hardly need to be told that 
the volume now published is the first of 
three which are intended to work out sys- 
tematically the principles of the science of 
society. \\T e have often explained the rela- 
tion of these works to the philosophical 
volumes that have preceded them, and to 
the" Descriptive Sociology," which gives a 
comprehensive account of different types 
of the social state; and we have published 
various articles, from advance-sheets of the 
work itself, illustrating the quality and 
scope of the discussion contained in the 
voJume before us. The work differs widely 
and profoundly from any that has ever ap- 
peared professing to deal with the subject 
of social science, and it is gratifying to see 
at last some cordial recognition of its great 
originality, value, ànd importance, from the 
leading critics of the English press. Tbis 
is all the more satisfactory, that :Mr. Spen- 
cer has conquered it against the steady 
pressure of a powerful and long-sustained 
antagonism. Having commented freely 
upon the work, and given illustrations of it, 
in the course of its pub1ication, we prefer 
now to furnish our readers with the view 
taken of the completed volume by an influ- 
ential London journal. The following is 
the notice that åppeared in the Pall Jlall 
Gazette: 
U Those who. have followed the develop- 
ment of Mr. Spencer's 'System ,. will have 
no difficulty in understanding the position 
held in it by the present volume. Hitherto 
he has heen occupied in setting forth the 
laws of organic evölution, the 'Principles 
of Biology' having dealt with the physical 
aspect of that process, the 'Principles of 
Psychology' with its mental aspects. Both 
these works treat of the individual life of 
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the organism; but when organisms come 
into relation to each other, form societies, 
and produce results which could not Le 
achieved except by coürdinated action, we 
are confronted by a new set of phenomena. 
'Ve are in presence of what Mr. Spencer 
calls super-organic evolution. The task of 
sociology-it is now, we fear, too late to 
protest against tbe use of one of the most 
disagreeable words ever coined-is to in- 
terpret these new facts, to classify them, 
and to render intelligible the passage from 
one stage of progress to another. Among 
bees, wasps, and ants, we find the first indi- 
cations of coöperation, associated with a 
certain degree of division of labor; and 
some of the higher types of vertebrata, 
such as rooks, combine in a still mol''' 
marked manner. These instances of co- 
ordinated action are, however, of slight 
moment compared with the phenomena pre- 
sented by human societies; it is, therefore, 
with the latter alone. that sociology is con- 
cerned. 
" The subject is so vast and comp1icated 
that it is difficult to treat of it without 
being either dull Gl' superficial. Mr. Spen- 
cer, as those who know his writings would 
expect, escapes both dangers. As in his 
previous expositions, he confincs himself to 
a few large principles; and these are so 
clearly expressed, so systematically ar- 
ranged, and supported by so immense an 
array of proofs and illustrations, tbat read- 
ers wbolly unaccustomed to pbilosophieal 
inquiry may follow his argument with in- 
terest. Not even a German professor could 
have undertaken to bring together without 
help the enormous mass of materials which 
are here utilized. Mr. Spencer has had ex- 
cellent assistance in collecting facts, and he 
has woven them with the skill of a master 
into a consistent and suggestive theory. 
"In social evolution there are two fac- 
tors: extrinsic and intrinsic. The former 
include all those outward influences, such 
as climate, surface, flora, and fauna, which 
determine human action; by the latter are 
meant the qualities of the units that make 
up society. Mr. Spencer devotes only one 
chapter to the extrinsic factors; but this 
suffices to indicate how m
ny favorable 
conditions are necessary to the formation 
of a society, and how rarely these condi. 
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tions occur. As regards the internal fac- the reflective scarcely at all developed; like 
tors, it clearly would not be enough to pre- children, he has a strong mimetic tendency; 
sent the peculiarities of the civilized man, he cannot concentrate attention on anything 
who inherits acquired tendencies and is to higher than simple facts; be has few gen- 
a large extent moulded by the society into eral ideas, and being without any concep- 
which be i5 born; we must go back to the tion of natural .order, he is incapable of 
time at which physical forces were not con- rational curiosity or surprise. The question 
trolled by intelligence, and when men lived is sometimes asked, "Vhy, if the human 
together only in loosely-formed groups. All species has been so long in existence as tbe 
the world knows how Rousseau represented doctrine of evolution implies, did so many 
to himself the primitive man, and there are ages elapse before civilization arose?' No 
still, perhaps, people who affect to talk en- one who attentively considers these charac- 
thusiasticallyof the' noble savage.' If we teristics of the savage, and takes into ac- 
compare this sentimental conception with count the outward difficulties with which he 
the picture dr'awn by ItIr. Spencer, we are has to contend, will be surprised that man 
furnished with a tolerably accurate measure so long remained a slave to circumstances. 
of the advance which has been made in the The astonishing thing is, that any primitive 
methods of inve
tigating such subjects. tribes ever lighted upon the happy combina- 
The philosopher of to-day is not less fond tion of conditions which enabled them to 
of theory than his predecessor of the eigh- grow into progressive communities. 
te(;nth century, but in his hands theory is " In order to understand the im,titutions 
never divOl'ced from fact; it is incessantly of civilized and semi-civilized 80cieties, we 
brought to the test of reality, and in reality must not satisfy ourselves with a general 
finds its only true starting-point. Hence, description of the faculties of the primitive 
while Rousseau's idea could giv
 rise only man-we must investigate the ideas sug- 
to a great many futile regrets and aspira- gested to him by his experience. The chap- 
tions, Mr. Spencer's is the basis of a thor- tel's devoted to these are by far the most 
oughly scientific description of the long original and valuable in the present vol- 
c?urse through which mankind have passed -I ume. It is common to judge savage con- 
from the simplest to tbe most complex ceptions by a reference to our more ad- 
forms of life. Th
 primitive -man is re- vanced knowledge, in the light of which 
garded in three different aspects: physical, they, of course, excite only surprige or 
emotional, intellectual. He is shown to amusement. Mr. Spencer, guided by the 
have been, on the average, smalJer than statements and hints of travelers, puts him- 
men now are, with limbs inferior both in self as much as possible in the position of 
size and structure, and a larger alimentary primitive men, and looks at the world with 
system, 'adapted to a very irregular supply their eyes; and the consequence is, tllat he 
of food, most1y inferior in quality, dirty, succeeds in proving almost that their ideas 
and uncooked.' Arriving early at maturity, were not only nat
ral, but the sole ideas to 
he disliked change, and constitutional cal- which the evidence within their reach could 
lousness made him insensible of evils which have conducted them. One of the earliest 
at a later stage become intolerable. The of their theories is -that of a second 
elf.- 
emotional characteristics of the savage are a This arises, in the first instance, from 
, wavering and inconstant disposition,' lead- dreams, the experiences of which the sav- 
ing to an 'explosive, chaotic, incalculable age regards as real. lIe bas no notion cor- 
behavior, which makes combined action very responding to that of mind; hence, when 
difficult,' extreme improvidence, selfishness he dreams that he has been hunting or en- 
modified only by a desire of admiration and gaged in deadly conflict with an enemy, he 
by , such fellow-feeling as results from that never doubts on awaking that the incidents 
instinctive love of the heIpless which he actually took place. Others testify that he 
possesses in common with the inferior ani- has not moved; but this only shows that 
mals.' Intellectually the uncivilized man I there must be a double "hich is capable of 
is on a level with the children of civilized going away and having adventures of its 
parents. The perceptive faculties are keen, own. lIe is .untroubled by incongruities 
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that would perplex a more developed intel- spectfully waits-that is, fasts-until they 
ligence, for the facts St'em to him beyond have eaten internally. A fetich is any ob. 
question, and he is familiar with many ject in which a ghost is supposed to dwell; 
changes in Nature-the appearance and and no object strikes the senses in a strange 
disappearanc'e of clouds, the blowing of the manner without having its peculiarity at- 
wind) the waxing and waning of the moon tributcd to ghostly prescl1ee. This, iew 
-not at aU less mysterious. His idea is of the fetich is not ill accordance with cur- 
confirmed by occasional ÏIistances of som- rent ideas; but it is confirmed by tbe fact 
nambulism; and tbe pbenomena of swoon, that in cases in which the ghost-theory has 
apoplexy, and other forms of insensibility, not been evolved there is no fetich-worsbip, 
arc lUo
t readily explained by assuming that whereas the latter abounds where the former 
the body has been temporarily deserted by exists. But animals, plants, natural object8 
its ghost. In death the other self, which and forces, are also worshiped: how can 
is upbraided Lefore its departure by the these be in any way connected with ances- 
friends of the dying man, says farewell; tor-worship? Mr. Spencer app1ies hi::; pl'in- 
but it continues to exist, sometimes in its ciple with unfaltering confidence even to 
old haunts, sometimes in tbe neighboring these phenomena. Serpent-worship is thc 
woods, sometimes in the country whence most general of all forms of animal-wor- 
the tribe originally came. It may even re- ship; it originates in the haunting of 
turn to the body, and with a view to this houses by certain kinds of snakes believed 
contingency the latter is often carefully pro- to be possessed by the ghosts of departed 
teeted, and in many instances there are ancestors, who thus enter their old homes 
elaborate processes for arresting decay; if In India the cobra is a common intruder in 
revival is dreaded, an exactly opposite houses, and it is everywhere sculptured as 
course is pursued. In the earliest stages a god; the Egyptian asp affords an in
tance 
of developmf;nt the ghost is a copy of the equally remarkable. Bats and owls, which 
body, and may, like it, die; but tribes a haunt caves and other but'ying-places, are 
little more advanced attenuate its substance also taken for metamorphosed ancestors. 
until at length it is completely etherealized. Some striking peculiarity will often secure 
It then has an enduring existence, and side for a man the name of an animal whose 
by side with the world of the living is the character his resembles, Unaccountable as 
more populous ,,'OrId of the dead. Ghosts it seems to us, the savage who hears bis an- 
continue to act as ordinary men, and are cestor talked of as 'The Tiger' concludes 
provided with food, weapons, canoes, horses, tbat he is descended from one of those 
dogs. They are the cause of every unusual creatures; so that the tiger naturally be- 
occurrence, and, entering bodies which they comes an object of reverence. The like is 
find temporarily vacant, occasion epilepsy true of all animals, insignificant and strong 
and convulsions, delirium and insanity, dis- alike) the names of which are applied to 
ease and death. Every involuntary act, savages either in ridicule or respect by 
like sneezing or yawning, is due to them; their neighbors. In this misapprehension 
and the necessity of controlling them gives of the meaning of words Mr. Spencer like- 
rise to tbe c1as
 of exorcists and sorcerers. wise finds tbe chief explanation of K ature- 
If friendly, they inspire the possessed, worship and plant-worship. A man is called 
whose words are accepted as a revelation Cotton or Tobacco, the Dawn, the Sea, the 
of higher wisdom. They are, of course, re- Moon, or the Sun. His descendants, taking 
garded with intense awe, and worship of the word literally, do not hesitate to regard 
them is, according to :Ur. Spencer, the first the natural powel' or plant, whichever it 
manifestation of the religious sentiment. may be, as their ancestor, anù present it 
He goes much further than this, and finds with the usual offerings. To civilized men 
in ancestor-worship the origin of all wor- this seems almost incredible; but it must 
ship whatevcr. Iùols are simply rude im- be remembered that to the savage nothilig 
ages of the dead, which ghosts are in some seems impos:::ible, because he has not at- 
mysterious way believed to inhabit; hence tained to the idea of regular sequence in 
food is given to them, and the family re- I the" orld. 
lnd his languagc is so imper- 
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fect that he bas no means of distinguishing 
after a certain interval between tbe literal 
and metaphorical application of words. 
With respect to anthropomorphic deities, 
Mr. Spencer argues that they are ancestors 
whose qualities are idealized and expanded. 
" Ancestor. worship has never before 
been turned to such advantage in the inter- 
pretation of so many facts; and the ease 
with which the theory works gives it a cer- 
tain charm. 'Ye see no reason, however, 
why :Mr. Spencer should exclude every oth- 
er cause in the production of early mythol. 
ogies. The influences he has defined may all 
aet as he describes; but they do not neces- 
sarily exhaust the sources of the religion 
of savages. He is as nearly angl'y as it is 
possible for so calm a thinker to be with 
'the mythologists,' who represent uncivil- 
ized man as mistaking the names given to 
the forces and objects of Nature for the 
names of living beings. But surely this is 
not more strange than the process he him- 
self has expounded, sinc{' in both cases the 
savage ends by finding in the outward world 
qualities which exist only in his own imagi- 
nation. If he is unreasoning enough to 
suppose that the sun is his ancestor be- 
c
use his grandfather was so called, we 
need feel no surprise at his regarding the 
sun as alive merely on account of the effects 
it daily produces; and so of tbe moon, the 
dawn, or the wind. ]}Ir. Spencer will not 
admit that the savage has any tendency to 
ascríbe Jife to what is inanimate; but chil- 
rlren constantly do so, and he insists that 
children and savages have a strong intel- 
lcctual resemblance. 'Ye are not arguing 
for the theory which has been so persistent- 
ly, if not always judiciously) advocated by 
Mr. Max Mül]er and :Mr. Cox; we only say 
that within certain limits it may also be 
true. Rcligious phenomena are so compli- 
cated that it is improbable we shall be able 
to explain them by the modifications of any 
single principle. 
"In several very interesting chapters 
Mr. Spencer uses the analogy between so- 
cieties and organic bodies to illustrate the 
truth that' social evolution forms a part of 
evolution at large.' He then passes to the 
domestic relations, in connection with which 
he discusses the many different for
s of 
marriage and of marriage-ceremonies. To 


persons who believe that man has an. intui. 
tive perception of right and wrong in the 
relations of the sexes there could be no 
more sugge
tive study than that of exogamy 
and endogamy, promiscuity, polyandry, 
polygyny, and monogamy. Mr. Spencer 
does not so much argue against the intui. 
tive theory as oppose to it the process 
by which, as a matter of fact, our present 
moral conceptions have been produced. 
This is, indeed, the characteristic of the 
whole work. Its method is throughout 
constructive; but for that reason it is much 
more effective in destroying popular doc- 
trines regarding the origin and growth of 
many vital ideas than any amount of mere- 
ly negative argument." 


ELECTRICITY AND THE ELECTRIC TELEGRAPH. 
By GEORGE B. PRESCOTT. 564 Illustra- 
tions. K ew York: D. Appleton & Co. 
Pp. 978. Price, $5. 
IN this elaborate volume we have the 
detailed story of the telegraph, in a form 
suitable both for the instruction of general 
readers and for the guidance of those prac.! 
tically enga
ed in the art. The illustra- 
tions are copious and well executed, and all 
the curious complications of telegraphic 
. mechanism, and the mysterious ways of 
electricity that arc made available to the 
great end of the rapid transmission of intel. 
ligence, are described clearly and fully by 
the author. Mr. Prescott has been at great 
pains to bring forward the valuable contri- 
butions of foreign nations, especially the 
Germans, who have done more in teleg- 
raphy than they have had credit for, and 
his work may be ecmmended for its com- 
prehensiveness as wen as that thorough- 
ness of treatment which is indispensable to 
a first-class manual upon the. subject. 


LESSONS IN ELECTRICITY. At the Royal 
Institution. By JOHS TYNDALL, F. R: S. 
X ew York: D. Appleton & Co. Pp. 
113. Price, $1. 
Fop. entering into physics through the 
experimental gateway, and by the u
e of 
simple apparatus, electricity has special ad- 
vantages. Its experimcnts are simple, the 
effects distinct and striking, and the theo- 
retical patbway to principles not difficult 
to follow, and well suited to exercise the 
reasoning powers. Dr. Tyndall has there- 
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fore done a most valuable service to sci- 
ence-teaching by preparing this little man- 
ual, which is admirably fitted to lay the 
foundation of an actual and thorough 
knowledge of the science. His experiments 
are ingeniously simple, and at the same 
time teJling-each one carrying the pupil 
along a step further in his. progress. The 
text is clear, pointed, compressed, and at- 
tractive, as Prof. Tyndall knows so well 
how to make it. But it is almost super- 
fluous to call the attention of our readers 
to the excellences of this little work, as 
several portions of the earlier English edi- 
tion have been already published in tbe 
pages of this MOXTHL Y. 


PHILOSOPHICAL DISCUSSIO
s. By CHAUNCEY 
\\T RIGHT . 'Vith a Biographical Sketch 
of the Author by CHARLES ELIOT N OR- 
TOS. New York: Henry Holt & Co. 
Pp. 434. Price, $3.50. 
THIS volume opens with a very pleasant 
and appreciative sketch of Mr. 'V right by 
his friend Charles Eliot X orton, from which 
we gather that he was a gentleman of ad- 
mirable personal traits which strongly at- 
tracted all who knew him. The book ig 
made up of his literary remains, consisting 
of nearly a score of articles, contributed 
cbiefly to tbe pagps of the j.,..orth .American. 
Review and to the Nation for the last fifteen 
)'ears. They evince the strength of an able 
and independent tbinker; but the style in 
which they are written is somewhat heavy. 
They are predominantly critical and contro- 
versial, as the author does not seem to have 
arrived at any constructive or systematic 
views of his own. He highly appreciated 
Mr. Darwin, and championed him against 
the criticisms of Prof. St. George ?tIivart, 
doing the work so wen that it was thought 
important to republish it in London. There 
are many things in the articles of Mr. 
,V right that are well worth preserving, and 
his friends could in no way have better 
honored his memory than by conecting and 
publishing them in the elegant and sub- 
stantial form which Mr. Holt has given to 
the volume. It should be mentioned that 
two of the papers, a frag-ment on "Cause 
and Effect," and the bpginning of the ar- 
ticle on Lewes's "Problems of Life and 
Mind," are publi
hed in tbis collection for 
the first time. 
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RUSSIA. TIy D. MACKENZIE WALLACE, M. A. 
New York: Henry Holt & Co. Pp. 
620. Price, $4. 
As the eyes of observers of international 
affairs are now turned upon Russia, there 
will be an increasing interest in all that 
relates to the domestic and social structure 
of that powerful empire. It is very rare 
that, at such a crisis of curiosity, there ap- 
pears a work so eminently suited to satisfv 
it as in tbe present issue of Mr. 'Vallacis 
volume. It is a book that would make a 
mark and a sensation at any time, but the 
circumstances will now make it "tbe book 
of the season." Its author for the past six 
years has occupied himself with studying 
the people, the resources, and the institu- 
tions of Russia by personal observation 
and careful inquiry, residing in various 
cities and villages in different parts of thp 
country, most favorable to varied and en- 
larged familiarity with the facts of which 
he was in pursuit. Mr. 'VaUace's book is 
w1'Ïtten in good style, with no ambition for 
mere effect, but in the direct, common-sense 
way of a writer who has much to say, and 
goes directly to the point. His descriptions 
are graphic, without being wearisome, and 
the treatment of bis special topics, though 
often full, occupies the reader closely to the 
end. It is full of important information, 
much of which is fresh and novel, in regard 
to the condition of the country, its peasant- 
life, the village communities, the larger 
towns and mercantile classes, imperial ad- 
ministration and local self-government, land 
proprietorship, the nobility, education, reli- 
gion, church and state, military character. 
istics, emancipation of the serfs, the law- 
courts, the railroad system, social classes, 
industrial resources, the features of the 
country, and lastly, in the thirty-fourth 
chapter, the Eastern question, and the 
problem of territorial expansion. All the
e 
important subjects 
Ir. 'ValJace has handled 
with skill, and with constant reference to 
the great liberalizing tendencies of the a
e 
which are displayed in Russia as well as 
other leading countries, and under remark- 
able and pectiJiar conditions. Prefixed to 
the volume are two colored maps of Rus- 
sia, one showing the density and distribu- 
tion of the population, the railway system, 
and the grade of cities in respect to the 
number of their inhabitants; the other ex- 
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hibiting the distribution of the principal 
agricultural products. Anyone who will 
familiarize himself a little with these maps, 
and then deliberately read the book, will 
probably get a great deal more knowledge 
than he could obtain by mo.nths of travel 
in the Russian Empire. 


REPORT OF THE COMMISSIOSERS OF AGRI- 
CULTGRE FOR THE YEAR 1875. Pp.536. 
'Vashington: Government Printing-Of- 
fice. 
OUR readers are not altogether unfamil- 
iar with the matter contained in this " Re- 
port," for we have from time to time dur- 
ing the past year made selections from the 
monthly reports, especially of observations 
and experiments ma.de by 
Ir. Glover and 
111'. McMurtrie,. respectively the botanist 
and the chemist of the department. These 
are repeated in the annual report, or, rath- 
er, they are bound up with it. The volume 
also contains papers on the forest-trees of 
the United States, varieties of fruits, alfalfa, 
the French mode of - curing forage, hog- 
cholera, and several other subjects of in- 
terest to the agriculturist. 


PROPERTIES OF CO
TnH;OGS BRIDGES. By 
c. BE
DER, C. E. Pp. 150. Also, BOIL- 
ER - INCRUSTATIO
. By F. J. ROWAN. 
Pp. 88. New York : Van Nostrand. 
Price, 50 cents each. . 
TIlE series of handy volumes on applied 
science to which these two treatises belong 
needs no commendation from us. The 
works are of a severely practical nature, 
and their merits are wen understood by the 
engineers and mechanicians to whom they 
are addressed. 


EFFECTS OF .ALCOHOLIC POISON. By J. H. 
KELLOGG, M. D. Battle Creek, :Michi- 
gan: Health Reformer print. Pp. 124. 
Price, 25 cents. 
DR. KELLOGG attempts in this little 
pamphlet to discuss the question of alco- 
hol in "its physical, moral, and social ef- 
fects," and yet he finds room for a long 
chapter of twentJ-seven pages on "Wine 
and the Bible," in which he wrestles man- 
fully with such contradictory texts as those 
which call wine "cruel venom of asps," 
and those which say that "it maketh the 
heart glad." 


THE J CKES: A Study in Crime, Pauperism 
Disease, and Heredity. Also, Furthe: 
Studies of Criminals. By R. L. DCG- 
DALE, Member of the Executive Com- 
mittee of the Prison Association, New 
York. 'Yith an Introduction by ELISHA 
HARRIS, M, D., Corresponding Secretary 
Prison Association. K ew York: G. P. 
Putnam's Sons. 
TilE title-page is itself a history of this 
remarkable work. To the student of the 
social sciences this pamphlet is a valuable 
contribution, giving as it does in tabulated 
details the lives of a family of large num- 
bers, whose condition had become so fixedly 
criminal that harlotry, bastardy, and a ca- 
reer oflaw-breaking, ever gravitating prison- 
ward, had become the inevitable heirship of 
the "Jukes," the word itself becoming a 
synonym of evil. 


EARLY 
IIGRATIOXS.-ORIGI
 OF THE CHIXESE 
RACE. Philosophy of their Early De- 
velopment, with an Inquiry into the Evi- 
dences of their American Origin; sug- 
gesting the Great Antiquity of Races on 
the .American Continent. 
JAPANESE 'VRECKS, stranded and picked up 
adrift in the North Pacific Ocean, eth- 
nologically considered. 
EARLY :MARITIME INTERCOURSE OF ANCIENT 
'YESTERN NATIONS, chronologically ar- 
ranged and ethnologically considered. 
THE above are from the "Proceedings 
of the California .Academy .of Sciences," 
1876; each has the common heading, "Early 
?tIigrations," and their authoí' is Charles 
'V oicott Brooks. The pamphlets give evi- 
dence of large research, and are at least in- 
genious. The drift is toward the settlement 
of China from the .American Continent, 
probably Peru. Is not the following state- 
ment made carelessly? " North American 
Indians have never been cannibals" (" Ori- 
gin of the Chinese Race," p
 27). Do not 
the discoveries of the late Prof. "
yman, in 
the shell- heaps of Florida, speak to the 
co
trary ? 


ADDRESS BEFORE THE ST. Loms ACADEMY 
OF SCIENCE, at its Annual Meeting for 
1877, by the President, CHARLES V. REI- 
LEY. St. Louis, Mo.: R. P. Studley & 
Co. 
AN intel'estin
 'J"ésurné of the year, in 
matters pertaining to the biological sciences, 
with, perhaps, a spechl attention to home 
work. 
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.A PRACTICAL TREATISE ON DISEASES OF THE 
SKIN. By LOUIS A. DUHRING, :M. D., 
Professor of DiseasE's of the Skin in tbe 
Hospital of the University of Pennsyl- 
vania; Physician to the Dispensary for 
Skin-Diseases, Phila.delphia; Author of 
Atlas of 
kin-Diseases, etc. Philadel- 
phia: J. D. Lippincott &, Co. Pp. tWO. 
Price, $6. 
As a manual of dermatology for the 
medical practitioner this treatise will be 
found valuable and satisfactory. It is prac- 
tical, thorough, and systematic, without 
claiming to be exhaustive, in the erudition 
of the subject, or the details of its histori- 
cal literature. It presents the elements 
of the subject concisely, giving all the im- 
portant facts in connection with each dis- 
ease treated of. In classification Dr. Duh- 
ring follows the authority of the celebrated 
Prof. Bebra, of the University of Vienna, 
his former teacher, and to whom the pres- 
ent work is dedicated. A special and highly- 
commendable feature of Dr. Duhring's work 
is the definition of the various skin-diseases, 
which he has made out from the standpoint 
of clinical observation with a view to its 
practical usefulness, and which consists 
mainly of succinct descriptions of charac- 
teristic lesions and symptoms, where the 
cases were not too complex and obscure to 
make clear definition possible. In the sec- 
tions devoted to treatment, while the author 
makes due reference to all those methods 
that are favorably regarded by the pro- 
fession, he has also brought distinctly for- 
wal'd those remedies and modes of treat- 
ment that he has found of greatest benefit 
in his own medical experience. 
Skin-diseases appear to undergo grave 
modifications in different geographical cir- 
cumstances, so that weH-executed treatises 
upon the subject in one country are Hable 
to lose their a
curacy when applied to other 
countries. On this point Dr. Duhring re- 
marks: "I can but incidentally refer to the 
fact that disorders of the skin manifest 
more or less variation in tJ'pe as they occur 
in one or in another part of the world. 
Having had some few years ago favorable 
opportunities for observing a large number 
of cutaneous affections in the various coun- 
tries of Europe, and since then of 
tudying 
these diseases in the United States, I can 
state that in many instanees they differ 
materialIy in type as they are seen on the 
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two continents. "
ithout entering into this 
interesting subject, it may be remarked 
that the diseases met with here resemble 
more closely those of Great Britain than 
those of either France or Germany. .A 
recognition of this fact must, I think, go 
far in accounting for the di8crepancies 
which exbt in the descriptions of certain 
diseases as given by trustworthy observ- 
ers." 


A
CIE
T P AGA
 AND MODERN CHRISTIAN 
SYMBOLISM. By THOMAS INMAN, 1\1. D. 
Pp. 1'74. \Yith numerous Illuf:;trations. 
N ew York: Bouton. Price, $3. 
THE exceedingly curious figures which 
abound in this volume give to it nearly all 
the value which it possesses. The book 
contains no less than 180 woodcut figures, 
together with 19 lithograph 'plates of full- 
page size. 'Vith hardly a single exception, 
they are more OL' less plainly sJmboJical of 
sexuality in religion. The author has un- 
doubtedly rendered a great service to stu- 
dents of that particular aspect of. the reo 
ligious idea, by bdnging together so many 
interesting memorials of the wide diffu- 
sion of sex-worship. His own ,remarks and 
speculations, however, do not carry much 
weight. 


'Y E reproduce some of the.. tlûngs saiù 
by the London Examiner in. reference to 
Arnott's" Physics," which, in its new form, 
is attracting much attention:. 
" It was in 182'7 that Dr. .Arnott took 
the worM by storm. The publication, in 
that year, of the first volume of the (Ele- 
ments of Physics' was probably the great- 
est (sensation' ever made by a scientific 
work, purely as an exposition. The first 
edition was sold in a few daJs; a second 
had to be followed by a third, a fourth, anù 
a fifth, in as many years. If the author haù 
devoted himself to keeping it up by the 
necessary improvements, it would have long 
continued to distance aU competition in its 
own walk. It had an equal run in America, 
and was translated into nearly all the Con- 
tinentallanguages. The popularity of the 
book was not due to any meretricious qual- 
ities. There was an extraordinary profusion 
of interesting examples, but these interfered 
less than in almost any other popular work 
with the understanding of the doetrines- 
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in fact, were, as they ought to be, aids to 
the proper end of the teachér. The best 
proof of this was the number of individual 
minds that were stimulated to a scientific 
or intellectual career by the study of the 
work. The hearty testimony borne by 
Herschel and "\VhewelJ to the merits of the 
, PhJsics,' scientific as well as expository, 
was incompatible with any infusion of clap- 
trap. 
" It would be easy to set forth the art, 
or rather the genius,. of .Arnott, in the com- 
position of his book. He had great liter- 
ary power, in the mere command of expres- 
sion, and in the composition of his sen- 
tences, which are both lucid and flowing. 
Many scientific writers have had this much. 
But he had also a thorough and unfaltering 
perception of the intellectual capabilities of 
an average reader, and never for a moment 
presu med too much upon these. He la- 
bored, with no small success, to bring the 
doctrines of natural philosophy down to a 
level of mind that had never before been 
permeated by them; and, if any part of 
the subject was hopelessly intractable, he 
passed it by. 
" Besides his amasspd store of popular 
illustrations, stated in easy language, the 
work had the further charm of a species of 
sentiment or eloquence, often enough at- 
tempted in connection with science" but not 
often so well kept up. The author fully 
complied with Plato's condition of philo- 
sophical teaching-to exhibit the goodness 
of the divine plan of the Cosmos. His elo- 
quent passages on this subject, together 
with his choicest illustrations of physical 
laws, were largely adopted into the com- 
mon-school reading-books. 
"The new editors have shown them- 
selves aware of the backward state of the 
exposition in many parts, and have freely 
employed the power of excision and sub- 
stitution. "\Ve should say, from a rough 
estimate, that a full half of the work is 
new. In the branches of Acoustics, Heat, 
Light, and Electricity, many additions were 
obviously necessary. In Mechanics, there 
has been more p
rmanence, and .Arnott's 
exposition is less interfered with; but it 
was essential to supplement his chapter on 
Motion and Force with a view of the doc- 
trine of conservation of energy, which the 


author would have been delighted to han- 
dle in his own peculiar way, but scarcely 
touched upon even in his latest edition. 
However the work of revision may have 
been distributed among the three editors, 
they have been succes::;ful in bringing up 
the subjects to the most recent views, and 
in illustrating them by well-chosen examples 
and diagrams. The work is one likely to 
keep its place among treatises on a similar 
scale. Extending to nearly 900 pages, it 
comprises a tolerably full body of informa- 
tion in all the branches, while the reader 
has still the benefit of the expository genius 
and eloquence that charmed and astonished 
the world forty years ago, and has not yet 
been superseded." 


PUBLICA TIONS RECEIVED. 
Proceedings of the Thirty-second Annual 
Meeting of the New York State Teachers' Asso- 
ciation. 1876. School Bulletin, Syracuse, N. Y. 
Pp. 119. 
On the Atmosphere of the Sun and Planets. 
By David Trowbridge, A. M. 1876. Pp. 7. 
The R
latjons of :Medicine to Modern Unbe- 
lief. By Richard o. CowJing, A. M., 
I, D. Lou- 
isville: John P. Morton & Co. print. 1876. pp. 
11. 
Report of the Committee on Nava1 Affairs to 
the House of Representatives on a Bill to author- 
ize and equip an Expedition to the Arctic Seas. 
pp. 13. 
Proceedings of the American Chemical So- 
ciety. Vol. I., No.2. J. F. Trow & Sons print. 
1876. Pp. 49. 
The Wesúrn Review of Scienæ and Indus- 
try. Edited by Theodore S. Case. February, 
1877. Vol. I., No.1. Kansas City, Mo. Sub- 
scription, $2.50 per annum. 
)Iilk- Sickness. By W. H. Philips, 
r. D. 
pp.21. 
Twenty-sixth Annual Report of the Managers 
of the Honse of Refuge, made to the Govern- 
or of :1\Iaryland. Baltimore: Innes & Co. print. 
1877. Pp. 28. 
Check-List of the Fresh-Water Fishes of 
North America. By David S. Jordan, M. 8., M. D., 
and Herbert E. Copeland, M. S. pp. 31. 
Rate of Set of Metals subjected to Strain. By 
Prof. Robert H. Thurston. Pp. 10. 
Am I my Brother's Keeper? Di@course be- 
fore the American Pub1ic Health Association, at 
the Annual 
leeting in Baltimore, November 11, 
1875. By Lewis H. Steiner, 1\1. D. Cambridge: 
Riverside Pre.ss print. pp. 11. . 
Kindergarten .J.Vessenger. Published byEliz- 
abeth P. Peabody. Cambridge, 1877. Vol. I., 
Nos. 1 and 2. Pp.32. Subscription, $1 a year. 
Proceedings of the Boston Society of Natural 
HiEZtory. Vo1. XVIII., Part IV., April-July, 1876. 
Boston. pp.l03. 
Heventh Annual Report of the Commissioners 
of Fisheries oCthe State of New Jersey. Tren- 
ton: J. L. Murpby print. Pp. 42. 
Geo!!raphjcal Surveys of the United States. 
Remarks on Prof. J. D. \Vhitney'8 Article in 
the North Amel'Ïran Review, Ju1v, 1875. By 
Gouverneur K. Warren. \Vashingion: Judd & 
Detweiler print. 1877. Pp. 28. 
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Local Deflections of the Plumb - Line near 
the Forty-ninth ParalleL By Lieutenant F. V. 
Greene. 1876. Pp. 13, with Diagram. 
Geological Survey of Alabama, for 1876. By 
Eugene A. Smith, Ph, D., State Geologist. 
Montgomery. Pp. 100. 
The :Mechanical Engineer. An Address to 
the Graduating Cla
s of the Stevena Institute of 
Technology. By R. H. 'fhurston, A. M., C. E. 
New York: D. Van NOßtrand. 1815. Pp.24. 
Notes on the Ancient Glaciers of New Zea- 
land. ,nth Map. By 1. C. Russell. 1876. Pp. 12. 
Bulletin of the American Geographical So- 
ciety, No.3. Containing Annual Address of 
Chief-Ju8tice Daily, delivered January 16, 1877. 
Pp. 70. 
Science Lectures at South Kensington: Tech- 
nical Chemi8try. By Prof. Roscoe. London: 
Macmillan & Co. 1877. Pp.46. Price, sixpence. 
Dynamics, or Theoretical Mechanics. By 
J. T. Bottomley, 
I. A.,F. R. S. E. New York: 
G. P. Putnam's Sons. Pp.142. Price, 75 cts. 
Myelitis of the Anterior Horn8, or Spinál 
Paralysis of the Adult and Child. By E. C. Se- 
g-uin, M. D. New York: G. P. Putnam's Sons. 
1877. Pp. 120. Price, $1.50. 
ES8ays on Political Economy. By Frederick 
BaE1tiat. English Translation, revised, with 
Notes, by David A. Wens. New York: G. P. 
Putnam's Sons. 1877, Pp. 291. Price, $1.25. 
The Cradle of Christ: A Study of Primitive 
Christianity. By O. B. Frothingham. New 
York: G. P. Putnam's Sons. 1877. Pp. 233. 
Price, $1.75. 
The Best Reading. Edited by Frederick B. 
Perkins, New York: G. P. Putnam's Sons. 
1877. Pp.343. Price, $1.23-$1. 75 
The Chemist's Manual; A Practical Treati8e 
011 Chemi!\try. By Henry A. :Mott, Jr" E. M., 
Ph. D. New York: D. Van Nostrand. 1877. 
Pp. 625. Price, $6. 
Washington Astronomical and :Meteorologi- 
cal Observations, made during the Year 1874, at 
the United States Naval Ob8ervatory. Wash- 
ington: Government Printing-Office. 1877. 
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fotton-Culture In Egypt.- While the 
Khedive is taxing to the utmost the re- 
sources of his dominions in his desire to 
subjugate his 80uthern neighbors, he must 
regard as little less than providential the re- 
puted discovery of a new and extraordi- 
narily-productive species of cotton-plant, 
the general cultivation of which in the cot- 
ton-fields of Egypt will, it is said, more 
than double the present annual product. 
According to a correspondent of the Lon- 
don Times, in the autumn of 1873, a Copt 
living in the upper part of the Delta, at a 
place caned Derket-el-Sab, a station of the 
Cairo Railway, in the province of )Ienuf, 
noticed a plant in a cotton-field wholly dif- 
ferent from the rest. lIe collected the pods, 
separated the seed, and planted it in secret 
in an isolated plot of ground. For three 
yep.rs he has carried on the cultivation, and 
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now there are Eaid to be from ROO to ] ,000 
pounds in the country, and the seed is solI I 
in the public market. This seed is sold at 
a price twenty-five or thirty times higher 
than the common kiIid. 
Comparing the product of this plant 
with that of the old, the Times correspond- 
ent remarks: 
.. An ardeb (2îO pounds) of ordinary cotton. 
seed ßOws Oll an average eight fedda1ls (acres), 
and produces four cantaTs (100 pounds) of cot- 
ton in seed-that is to say, the cotton with the 
seed inside it as it comes out of the cotton-pod. 
Taking this yield as the average, every ardeb 
planted produces 32 cantars of ginned cotton, 
and about 24 ardebs of seed. An ardeb of seed 
of the new species sows, like the other, ei!!ht 
feddans; but its yield is more than treble, and 
has even been stated at fivefold. But my most 
trnstworthyinformant only gives ten cantars per 
feddan, which I may add is tbe amount taken by 
one of the leading firms as the hasis of their cal- 
culations as to the effect of the new plant. They 
add that it is difficult to say exactly what would 
be the ordinary yield, as aU returns hitherto 
are the result of exceptional culture on a sma]) 
scale. 011 this calculation of ten cantars, each 
al'deb of seed would produce 80 can tars of cot- 
ton in seed-that is to say, over double the 
amount produced by ordinary seed. At pres- 
ent prices each ardeb would return about !:240 
in seed and cotton together, instead of 1:96 as 
it does now. The new cotton, I am assured on 
the best authority, i8 of good appearance, com- 
mercially Epeaking, and quite equal in quality 
to the ordinary Egyptian cotton. The plant 
grows in a different manner from the ordinary 
cotton-plant. It grows to about the height of 
ten feet, bas a straight, vertical stem, without 
branches, with very few leaves, and is thickly 
studded with pods. Seventy are said to have 
been gathered from the first plant discovered. 
The ordinary cotton is founrl on a shrub some 
four to five feet high, with spreading branches. 
Nearly a yard mnst be left for air, light, and 
growing-room between each shrub, whereas the 
new plant, from the absence of branches, re- 
quires only half the space." 


Testimonials to :!ifr. Darwin.-ûn the 
occasion of his sixty-ninth birthday, .Mr. 
Darwin was the recipient of two highly. 
gratifying testimonials of esteem from sci- 
entific men in Germany and in the N ether- 
lands. From Germany came an album con- 
taining the photographs of 154 scientific 
men; it was inscribed, "Dem Reformator 
del' Natnrgeschichte" (To the Reformer 
of Natural History). The offering of the 
Dutch savants also consisted of an album, 
with photographs of 217 of his admirers in 
the N etherland8. Accompanying the latter 
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testimonial was a lettcr in which were set 
forth in pretty full detail the labors of 
Dutch naturalists before Darwin's time and 
since in propagating views akin t
 those 
known as "Darwinian." The first name 
mentioned in thc lettcr is that of Dr. J. E. 
Doornik, who in 1816 went out to Java, 
and spent the remainder of his life in India, 
In his publi::;hed works he held that the 
various modifications in which life was re- 
vealcd in ronsl'cutive times originated from I
norant Enterprise. - The black,slate 
one another. Doornik had no influence on beds of Pennsylvania have again and again 
the thought of his time, however, and his lured sanguine coal-huntcrs to loss of tillie, 
theories were forgotten. In 1849 was pub- labor, and money. In that State it is the 
lished a Dutch translation of the" Vestiges I black slate that plays the" will-o'-the-wisp" 
of the X atural History of Creation." This to the eager searcher after hidden wealth; 
\York was coldly received by the representa- elsewhere it is iron pyritcs bcing mistaken 
tives of natural science in the Netherlands, for gold, or quartz for diamonds; and where 
but found favor with the general public, natural deposits of wealth are out of the 
and reached a third edition. Of the few question, men dig into the ground in search 
Dutch scientific men who early recognized of treasure supposed to have becn buried 
the importance of the theory of devclop- by famous buccaneers or noted misers, 
ment two are named-F. C. Donders and Prof. Persifer Frazcr lately told, at a meeting 
P. Harting. The former in 1848 exprcssed of the Academy of Natural Sciences, Phila- 
thc opinion that in the gradual change of delphia, the story of onc of tbese searchers 
fOl'm consequent upon change of circum- for mineral wealth. A farmcr of Franklin 
stances may lie the cause of differences County, Pennsylvania, had a dream, in which 
which we are wont to designate as species; he became aware of the existence of a "treas- 
and the latter in 18:>6 expressed similar ure" in a certain field. On repairing to the 
views. spot he began to dig, and" at the first stroke 
'VhiIe visiting 'Ltrecht in 1858, Sir of the spade," as he says, "black dirt was 
Charles Lyell called the attention of the turned up, and at a short distance below the 
professors of the univcrsity to a paper by surface coal was found equal," in the opin- 
'Yallace, in the J01.l1'nal of tILe Linnæan So- ion of persons supposed to be experts, "to 
ciety, and announced as forthcoming a work the best Lykens Valley coal." To work the 
by Darwin (" The Origin of Species ") which vein, u tunncl 330 feet long was cut at con- 
couId not fail to make some noise. I1ar- siderable cost. The" coal" was sent to 
ting soon after declared himself a partisan Prof. Frazer for analysis; it was pronounced 
of the de,'elopment hypothesis, and in this to be black slate, with a small percentage 
he was followed by another profcssor in the of carbon, and that chiefly graphitc. It is 
same university (Utrecht), :Miguel, Profess- one of the principal objects of a geological 
or of Botany. In the mean time "The survey to save people from making mistakes 
Origin of Species" had been translated in- like this of the Franklin Comity farmer. 
to Dutch by F. C. ""inkIer. The Darwin- 
ian views were now enthusiastically adopted Prodndion of Near _ Slgbtpdness In 
in the X etherlands, especially by the younger Srhools.-The effects of school-life, in pro- 
scientific men, under the lead of Emil Se- ducing near-sightedness in the pupils, have 
lcnka, then Professor of Zoölogy at LeJ- for some time been made the subject of 
)'s- 
den. Gröningen and .Amsterdam were not tematic study by Dr. C. R. Agnew, of Kcw 
tardy in following the lead of Utrecht and York. In a recent address before the Med- 
Leyden; in short, the Darwinian theory of ico-Legal Society, he stated the results of 
developmcnt was very generally accepted an investigation made in various schools of 
throughout the X ethcrlands, and Dutch Cincinnati, X ew York, and ßl'Ooklyn. The 
translations werc published of "The De- . numbel' of students examined wa! 1,479, of 


scent of 
Ian nand "The Expression of 
the Emotions in Man and Animals/' both 
by Dr. Hartogh lIeys van Zouteveen. In 
his reply to this letter, 1[1'. Darwin express- 
es his "obligation for thc very interesting 
history contained in it of the progress of 
opinion in the Netherlands with respect to 
evolution, the whole of which is quite new 
to me. n 
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whom 630 were in Cincinnati, 549 in New 
York, and 300 in Brooklyn. Of the 630 
Cincinnati pupil:3) 209 were from the dis- 
trict-schools, and of these 83! per cent. 
had natUl'al, or emmet'ì'opic eyes, while 10 
per cent. were near-sighted. In the inter- 
mediate schools, 210 scholars were exam- 
ined, and of these 80 per ce
t. were natural, 
and 14 per cent. near-sighted: In the nor- 
IDal high-schools, the eyes of 210 students 
were examined, and of these '18 per cent. 
were emmctropic, and 16 per cent. near- 
sighted. .\.11 this goes to show that near- 
sightedness is a progressive disease in the 
schools. The results for the other two 
cities teach the same lesson. 
The 549 students mentioned above as 
examined in New York belonged to the Kew 
York College. Here, in the introductory 
classes, 67l per cent. were found emme- 
tropic, and 29 per cent. near-sighted. In 
the freshman class 42l per cent. had natu- 
ral eyes, and 40 per cent. were near-sighted. 
In the sophomore class no very material 
difference from what was observed in the 
preceding classes; but i
 the junior class 
37 per cent. had natural e)'es, and 56 per 
cent. were near-sighted. In the senior class 
60. per cent, had normal eyes, and 37 per 
cent. were near - sighted. The Brooklyn 
students examined belonged to the Poly- 
technic Institute of that city. Here, in the 
f,cademic depar!ment, 56 per cent, were 
emmetropic, and 10 per cEnt. near-sighted. 
In the collegiate department (a higher 
grade), 53 per cent. were emmetropic, and 
28} per cent. were near-sighted. 


Astronomital Observations on the Horky 

Ionntains.-It is stated by Prof. Henry 
Draper, in the February number of the 
American Journal of Science, that, during 
two years when" he photographed the moon 
every moonlight night at Hastings:on-the- 
Hudson, there were only three occasions 
when the air was still enough to give good 
results. Out of 1,600 lunar negatives, only 
one or two were really fine pictures. 
Last summer, during a trip to the Rocky 
Mountains, he took with him a small achro- 
matic, hoping to find more steadiness of 
the atmosphere at great elevations, but was 
di:;appointed. At Salt Lake City, 4,650 
tèet above the sea, Capella twinkled as bad. 
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ly, Loth to the naked eye anð in the tele. 
scope, as he ever saw it at the sea-level. 
At .Fort 
teele, near '1',000 feet 
leva- 
tion, Antares twinkled very much; and at 
Camp Douglas, 5,2
0 feet above the sea, 
the twinkling of seyeral stars examined 
was surprisingly great. 
At one point, however, he found the at- 
mosphere without undulations, and the stars 
shone through it with a steady light. The 
central disk of Arcturus, he says, was hard 
and sharply defined; Antares near setting 
hardly twinkled at all; the moon was pel'. 
fectly steady. 
This point of ob
ervation was not far 
from Fort Steele, in the main range of the 
Rocky Mountains, at an elevation of 8,900 
feet aboye the sea. Distant objects seemed 
near in the transparent air. The sky 'was 
not black, as he expected, but of a light 
blue; the moon, however, was near its full. 
Another trial was made at Trout Lake, 
nearly 10,000 fept aboye the sea-level, and 
the air was found to be unsteady but trans- 
parent. At this point, however, intense cold. 
fieree winds, and heavy snow-falls, occur, 
making the location of an observatory here 
undesirable. 
Dr. Draper concludes that the atmos- 
phere in these high regions, although more 
transparent, is quite as tremulous as at the 
ocean-level at New York. 


Inftnenre of Heat on Gal"fanlc {'ondnr- 
tivitr.-Till very recently it was held to be 
a law of Nature that the galvanic conduc- 
tivity of all metals and metalloids is dimin. 
ished by rise of temperature. It has been 
shown, however, that selenium is an ex- 
ception to this rule, its conductiyity being 
increased by heating. And now a further 
exception must be made in the case of 
tellurium, a body closely allied to selenium. 
'Y c have already (in vol. x., p. 115) given 
an account of Siemens's researches on the 
action of light on selenium; we now present 
a synopsis of the results obtained by Franz 
Exner in his experiments with tellurium. 
Three bars of tellurium were prepared. 
Bar 1 broke before its dimensions were 
determined; bar 2 was 54 millimetres in 
length and 2.6 millimetres diameter; bar 3 
was 153 millimetres in length and 3. '13 mil. 
limetres dia.meter. Bar 1 was heated to 200 0 
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Cent., and then slowly cooled. The resist- 
ance increased up to 90 0 , and thenceforward 
gradually decreased. In cooling, resistance 
steadily increased from 200 0 down to the 
room-temperature. This increase was so 
great that at the end of the experiment the 
resistance was six times what it was at the 
beginning, temperatures being equal. The 
same bar having been again heated from 
20 0 to 200 0 Cent., there was no turning- 
point, and the resi!5tance decreased steadily 
to the end, and increased continuously 
throughout in the cooling; but at the end 
the resistance was less than at the begin- 
ning. 
Bar 2 behaved essentially like bar 1; the 
turning-point, however, was much higher, 
viz.,140 0 . 'Vitb bar 3 five series of experi- 
ments were made, and with quite similar re- 
sults. 'Vith the first heating there was a 
turning-point, which did not appear with 
after-heatings. At the maximum temper- 
ature, the resistance was pretty constant, 
while the resistances at the beginning and 
end of the experiments were very irregular. 


Destrudlon of Germs at Low Tempera- 
tnres.-Prof. Tyndall, in a communication to 
the London Royal Society, shows how heat, 
when discontinuously applied, though the 
temperature be below the boiling-point 
of water, effectually sterilizes organic infu- 
sions. In all such infusions, he observes, 
there is a period of latency preceding their 
clouding with visible bacteria. During this 
period the germs are being prepared for 
their emergence into the complete organ- 
ism. They reach the end of this period 
of preparation successively; the period of 
latency of any germ depending on its con- 
dition as regards dryness and induration. 
The author's mode of proceeding is this: 
Before the latent period of any of the 
germs has been completed-say a few 
hours after the preparation of the infusion 
-he subjects it for a brief interval to a 
temperature which may be under that of 
boiling water. Such softened and vivified 
germs as are on the point of passing into 
active life are thereby killed; others not 
yet softened remain intact. This .process he 
repeats well within the interval necessary 
for the most advanced of those others to 
finish their period of latency. The num- 


ber of undestro}'ed germs is further dimin- 
ished by this second heating. After a 
number of repetitions, which varies with 
the character of the germs, the infusion, 
however obstinate, is completely sterilized. 
The periods of heating need not exceed 
a fraction of a minute in duration. Sum 
them up in the case of an infusion which 
they have perfectly sterilized: they amount 
altogether to, say, five minutes. Boil an- 
other sample of the same infusion continu- 
ously for fifteen 01' even sixty minutes, and 
yet it is not sterilized, alt.hough the tem- 
perature is higher and its time of applica- 
tion more than tenfold that which, discon- 
tinuously applied, infallibly produces bar- 
renness. 


Extindion of a Prehistorl
 Bare.-The 
extinction of the partially civilized race who 
once dwelt in the Rocky Mountain region 
was probably the result of some great geo- 
logical change. The country is naturally 
arid, but doubtless when this nearly-for- 
gotten people dwelt here in the numerous 
cities whose ruins are still to be seen the 
conditions of life were more favorable. 
The annals of this interesting race have 
perished with them, and the history of their 
downfall is now matter for conjecture. Mr. 
F. S. Dellenbaugh, of the Buffalo Society 
of Natural Sciences, describes as follows 
the course of events which resulted in the 
extinction of the ShinU1I)os: 'Yhen the 
change occurred, 4; the inhabitants, not un- 
derstanding the science of irrigation, be- 
held their crops slowly but surely failing 
every year. The inevitable result was fam- 
ine. By this their hardy constitutions were 
weakened, and the way was prepared for 
some great epidemic that swept away thou- 
sands, and left them in a m,elancholy con- 
dition.. Then the epidemic was, possibly, 
soon followed by the appearance of the In. 
dian, so entirely different from the Shinumo. 
He' was ferocious, treacherous, cunning. 
Lying, cheating, stealing, murdering, were 
his pastimes. Then, it is no wonder that 
. the Shinumo, in his emaciated condition, 
was compelled to retreat before the impetu- 
ons attack of such a foe. He was no "ar- 
rior-no hunter. He had depended almost 
entirely on his knowledge of agriculture for 
his peaceful existence, It was impossible 
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for him to act on the defcnsive, and at the 
same time successfully till the soil. The 
Indian was constantly on the alcrt to SUl'- 
pri:-:e him. He must fall back and yield 
more territory to the exacting intruder. 
\"""anquished and discouraged, he fortified 
himself in places extremely difficult of ac- 
cess; built clift:houses; lived in caves, and 
finally became extinct. The divisions on 
the south side of the Colorado fared some- 
what better, for the stupendous chasms of 
the river form a barrier that can only be 
crossed with success at several widely- 
separated points. Oonsequently, when the 
Indian reached this obstacle, his easy 
progress southward was interrupted. The 
crossing-points, too, which of course were 
well known to the Shinumos, had been 
strongly fortified by their soldiery, and 
thus a double check was presented to the 
invasion. The people then enjoyed com- 
parative peace, till, in the course of their 
nomadic wanderings, the Indians discov- 
ered tbat there was an end to the cañon 
barrier, and were once more able to cope 
with their antagonists under favorable au- 
spices. The Shinumos were again slowly 
driven back, and at the dawn of our knowl- 
edge of the region we find surviving only a 
mcre handful of their kindred, in tbe Pue- 
blo tribes, who were still defending their 
fortress-bomes, as they had been for cen- 
turies." 


Retent Outbreak of a Sand wich Is1and 
"olcano.-The volcano of Mauna Loa, Ha- 
waii, was lately active for a few days, com- 
mencing on the evening of February 14th. 
A correspondent of the San Francisco 
Chronicle states that the outbreak was ex- 
tremely sudden and violent: 
"The point of 
ctivity was the old crater on the 
top of the mountain. When the emption com- 
menced, the flames suddenly burst from the moun- 
tain and formed a magnificent column of fire to the 
height of 16,000 feet above the summit. From the 
deck of the steamer Kilauea, lying at 'anchor at Ra- 
waihae, five distinct columns of fire could be seen 
belching forth from the -mountain, apparently not 
from the great summit crater of Mokuaweoweo, but 
from a smaller crater situated some miles distant 
from it, called Pohakuhanalei. A few days after in- 
telligence reached Honolulu that the fire had disap- 
peared, to the great disappointment of thousands. 
who were preparing to start for the scene. Bllt 
soon after news came that the great pyrotechnic ('x- 
hibition of Nature stilI continued, and that the ani- 
. 
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mation ûf the f':pectac1e was enbuncEòd by frequent 
earthquake-shocks. It is the general opinion that 
the stream of lava is flowing rapidly down the 
mountain-side toward Kahuku, in Kau. When last 
seen it had progressed a number of miles from the 
place of its first outbreak. Tha illumi[]ation was so 
brilliant that all parts of the island were lighted up. 
On the 24th the steamer Kilauea arrived with a 
party of excursionists at Realakeakua Bay, the place 
where Captain Cook met his death. There they 
found that a submarine volcano had broken out 
near the entrance to the harbor the preceding night. 
About a mile from shore jets of red, green, and yel- 
low fire leaped from the waters, intersperBed with 
columns of steam and spray that glowed with innu- 
merable rainbows, the spectacle being one of the 
grandest sights conceivable. In this locality the 
water is boiling and whirling like an immense cal. 
dron. Thousands of fishe8 are seen floating on the 
surface, ready cooked for the repast of swarms of 
Kanakas engaged in gathering the dainty abundance 
in their canoes, Large quantities of lava are also 
thrown up and float for some time on the surface. 
The matter is either buoyed by the intensely boiling 
water, or sustain(\d by gases that gradually ooze 
from its pores. The submarine eruption is appar- 
ently from a fissure in the bottom of the sea, about 
a mile in length. It reaches the shore, and is traced 
inland between two and three miles. The flames 
on the water were first noticed by the natives at 
three o'clock on the morning of the 24th, and 
created much consternation. The depth of the 
water here was formerly from thirty to sixty fath- 
oms; but, if the eruption continues, vcry likely a 
reef will be formed, which would render this bay 
one of the finest harbors on the Pacific. As far as 
known, no damage has yet attended the eruption." 


How Sdente is advanced in 
or"aJ.- 
.A correspondent of the London Times, 
à propos of the recently-published "Life of 
Thomas Edwat'd," records an instance of 
liberal encouragement extended to a Nor- 
wegian n3turalist. "Some years ago/' 
says this correspondent, "there lived on 
the wild northwest coast of Norway a clcr- 
gyman, with his wife, a large family) and a 
small income. He possessed two great ad- 
vantages over Edward-a good education, 
and larger opportunities for observation. 
He, too, had the seeing eye, without which 
aU opportunities are uscless, and shortly it 
was known that science was being enriched 
by the hard-worked parish priest. The ac- 
tion of the Storthing "as prompt. Though 
the majority of that body are poor peasants, 
and hold the purse-strings with a firm grip, 
they have the virtue of bcing libcral "hen 
good cause can be s.hown for it. Thcy crc- 
ated a professorship of zoölogy iu the 
Christiania University, endowed it with a 
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salary equal to Æl,OOO in England, and ap- 
pointed the clergyman to the professorship, 
but without requiring either residence or 
teaching. How the professor went on en- 
riching science with his discoveries, how he 
tra.ineù up hi::; sons to follow in his foot- 
steps, two of whom al'e now professor::; in 
the Christiania Univer
ity, all this is known 
to scientific men, nor will they require to 
be told that the name of the clergyman was 
Sars. " 


could trace, if our information were com.. 
plete, to the dawn of geological time. 


The Itesonrres and Indnstries of Sndan 3 
-.At a late meeting of the Egyptian Geo- 
graphical Society a paper on the Sudan was 
read, based on information collected by the 
late 
Iunzinger Pasha. It was stated that 
there are few mountain-chains in the Sudan, 
but that granite ridges divide the region into 
well-defined districts, usually named after 
the rivers which flow through them. The 
Sir Wyville Thomson on the Thevry of country is, as a rule, fertile. The water- 
Evolntlon.-Sir 'VyvilJe Thomson said, in a courses are mere torrents, which in sum- 
lecture to the natural-history class at Edin- mer are almost dry. The centres of popu- 
burgh University, that the great stumbling- lation are few, and all the large towns are 
block, from the natura.l-history side of the on the banks of the two Niles. Gold and 
question, in the way of an acceptance of copper are found, but the wealth of the 
the evolution hypothesis, was that any such country depenùs on agriculture and cattle- 
passage from one species to another is en- breeding. The population numbers about 
tirely outside our experience. The horse I 5,000,000, consisting of Arabs and negroes. 
had evidently been the horse since the ear- . Industry is very much developed, and only 
Hest hieroglyphs were engraved upon As- articles of luxury need be imported. Stuff's, 
s
'rian monuments and tombs; and the same sword-blades, and leather of a very superior 
held for all living creatures. There was quality, are manufactured. The exports are 
not a shadow of evidence of one species chieHy ivory, gums, skins, etc. The peo- 
baving passed into another during the pe- pie are nearly all Mohammedans, but their 
riod of human record or tradition. Nor is religion is mixed with numerous heathenish 
this all. 'Ve have, in the fossil remains con- superstitions. 
tained in the rocks, a sculptured record of 
the inhabitants òf this world, running back Extermination of the Grassboppers-- 
incalculably falther than the earliest chisel- Prof. A. S. Packard, Jr., has written to the 
mark inscribed by man-incalculably far- Tr.ibune a communication in which he ad- 
ther than man's existence on this planet; vocates the project of affording 'Government 
and although we find from the record that aid toward the extermination of the Rocky 
thousands of 
pecies bave passed away, and Mountain locust. Locust years, he ob- 
thousands have appeared, in no !::ingle case serves, are years of unusual drought, and 
have we yet found the series of transitional seasons of drought occur every seven or 
forms imperceptibly gliding into one an- eight years. In such summers the locust 
other, and uniting two clearly di:;tinct spe- breeds in untold millions, and, the supply 
cies by a continuous bridge, which could be I of food being short, they fly off hundreds 
cited as an undoubted instance of the ori- of miles. A swarm observed,by Prof. Rob- 
gin of a species. Mr. Darwin's magnificent inson near Boulder City, Colorado, traveled 
theory of "natural selection" and" survi- a distance of about 600 miles to Eastern 
val of the fittest" has undoubtedly shaken Kansas and }Ii
souri. 'Vhen seen at Boulder 
the "Veil by pointing out a path by which the' swarm was on its way from the north, 
such an end migbt be attained; but it has and may have corne f1'0111 some part of \Yyo- 
by no means raised it. Still, even if we ming. The general direction of the winds 
never found out the precise mode in which in July and Au
ust, along the eastern slope 
one species gave rise to another, there could of the Rocky Mountains and on the Plains, 
b
 no further hesitation in accepting gen- coincides with the COU1'se of these swarms. 
erally an hypothesis of evolution, and in re- If we would intelligently study the causes 
garding our present Jiving races as the ulti- of the excessive increase and migrations of 
mate twigs of a great genealogical tree the locu
tJ we must e
amine the meteoro- 
whose gradually coalescing branches we logical features of the 'Vestern country, as- 
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certain the periods of drought and of un- 
due rainfall, the average direction of the 
wind fOl' the different months, in order to 
learn how far they correspond with the 
phenomena of locust-life. That there are 
cycles of dry and hot Beasons recuning at 
irregular intervals, while the general aver- 
age may remain neady the same, century 
after century, is supported, though it may 
be vaguely, by observed facts. The author 
thinks that the remedy for locust visita- 
tions can be discovered and applied by a 
coüperation between the Signal Service and 
skilled entomologists employed by the Gen- 
eral Government and the States most direct- 
ly concerned. 


NOTES. 


IT is proposed to occasionally issue from 
the Massachusetts Institute of Technology 
a "Circular," containing notes and queries 
on physical and ehemical apparatus, pro- 
cesses, etc. It will be printed by the papy- 
rographic proce!3s, and will be sent free to 
chemists and ph,p;icists, on condition that 
they from t.ime to time coremunicate to the 
editors descriptions of apparatus rmd pro- 
cesses which they may have found conven- 
ient, and which are not in general use in 
laboratories. .Applications for the" CÏ1'cu- 
lar " must be addressed to Chas, H. 'Veng, 
at the Institute 
f Technology, Boston. 
A COMmTl'EE of the New York Medico- 
Legal Society, appointed to investigate the 
subject of "School Hygiene," recommend 
that the minimum age of admis::::ion to the 
public schools be six years; that the maxi- 
mum attenùance at school, for children un- 
der eight years, be three hours; that the 
schools be under medical supervision; and 
that schoolhouses should be surrounded on 
aU sides with adequa.te open space, to se- 
CU1'e light, ventilation, and play-grounds. 
SINCE 1821 twelve shipR havc been aban- 
doned in the arctic regions by exploring 
expeditions. Of these, but a single one, 
the Resolute, sent out with Qthers under 
Sir Edward Belcher, in 1852, has been re- 
covered. 
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TIlE mpdium of light-vibrations in the 
Torricellian vacuum is, according to Julius 
R, :MaJer, extremely rarefied air. Air ad- 
heres to the glass and the mercury, and, on 
production of the va'cuurn, expands, and fills 
the space with a medium which conducts 
light like the ether in cosmical space. 
A BRONZE statue of Livingstone, the mis- 
sionary and explorer of Central 
i\f'rica, will 
be, erected in Glasgow during the present 
)'ear. 
IN San Pete County, Ltah, thp hills 
abutting on Huntington Creek contain sev- 
eral valuable veins of coal. Seven mines 
have already been opened by drifts run from 
the faces of the hills. The coal yields a 
very fair quality of coke. These coal-fields 
appear to be of very considerable extent. . 
A PIECE of coral five inches in heigllt, 
six inches in diameter at the top, and 1\\ 0 
inches at the base, was taken offa submarine 
cahle at Port 1,)arwin, North Australia. As 
the cable had been laid only four years, the 
coral must have grown to its pre5ent height 
in that time, 
PROF. HUXLEY,' in a recent lecture at 
the Royal Institution, on "The History of 
Birds," said that, as they now exist, birds 
constitute a perfectly well-defined J:!roup, 
nobody mistaking the forms included there- 
in. But, when we turn to the geologi- 
cal record, the case is different. Fos
il 
forms al'C found that prescnt definitions do 
not embrace, indicating a wider range of 
structure, and the existence of types inter- 
mediate between birds and reptiles. 
ACCORDING to the Gardener's ....lfonthly, 
the Eucalyptus gZobulus can hardly thrivc 
in any of our States on the At1:mtic sea- 
board, with the possible exception of Flori- 
da; there it is barel)' possible that a few 
Australian trees may liye. 
A CORRESPOSDENT of the Lancet writes 
that, when traveling in the upper Sikkim 
Himalaya, at elevations above 12,000 feet, 
he took whiskey in small quantities, to 
counteract the e
ects of strong exertion in 
a cold, rare atmosphere. The consequence 
was the reverse of what was expected, be- 
ing drowsinf'ss and lassitude, lasting an 110u1' 
or more. Cold tea, on the contrary, was 
found to pl'Oduce a feeling of exhilaration 
and capacity for renewed efforts. 


- 


THERE were three hundred competitors IN Calcutta the general death-rate of in- 
for the Boy)ston prize of the :Medical }'acul. fants under one year among all classes 
ty of Harvar(l Lniver
ity for the best essay of the population-Hindoo, Mohammedan, 
on the question of" Rest for 'Vomen." Dr. mixed race, and non-Asia tic-reaches the 
}Iary Putnam-Jacobi, of Kew York, was the annual average of 480 per 1,000, the rate 
successful competitor. Her essay is said I ranging from 184 'among the non-.A!':iatics 
to possess extraorùinary merit, and is to be to 598 among the Mohamrnedan
. Of ev- 
published. . I ery thousand lIindoo children LOIn in 1875 
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there died 596 within the year, and of the 
)lohammedans no less than 735. Thus, a 
native child born in Calcutta has a chance 
of life considerably less than that of a per- 
son attacked by cholera. 
DR. .\. McL. HÅ
IILTO
 recommends the 
llse of nitro-glycerine as a medicinal agent 
in epilepsy. One-tenth of a drop on the 
tongue at once produces cerebral hyperæ- 
mia. The face is flushed, the eyes become 
briO'ht, and the temporal vessels throb, and 
the
e are marked sensations of fullness. 
Diluted in alcohol in the proportion of 1 to 
100, nitro-glycerine can be kept safcly. 
SOME years ago a large tract of peat-bog 
was drained at Grangemouth, Scotland, the 
loose mud and moss being carried down 
the drains to the estuary. The consequence 
was, that the oyster-beds in the estuary 
were covered over with mud, and the bi. 
valves entirely destroyed. U Nothing," 
writes Frank Buckland, "is so fatal to oys- 
ters as a mud-storm) except it be a sand- 
storm. The mud and sand accumulate in 
the oyster's deliclte breathing-organs and 
suffocate it." 
THE telephone appears to be well adapt- 
ed for transmitting signals in mines; in- 
deed, according to the JIining Review, tele- 
phones are already employed with great ad- 
vantage in many of the deep workings of 
this country. 
FROY soundings made by the U. S. sloop 
Gettysburg, the Challenger, and the Ger- 
man frigate Gazelle, a writer in Nature in- 
fers the probable existence of a submarine 
ridge or plateau connecting the island of 
.Madeira with the coast of Portugal, and the 
possible subaël'ial connection, in prehistoric 
times, of that island with the southwestern 
extremity of Europe. A similar plateau 
connects the Can<1ry Islands with the .Ä.fri- 
can Continent. 


TIlE electric light has been under trial 
in Engli
h lighthouses nearly eighteen years. 
It was first tried at the South Foreland 
Lighthouse in 1858. An electric revolving 
li
ht hag bcen exhibited at the Souter Point 
Lighthause, on the coast of Durham, for 
the last five years. The flash of this light 
hlls an intensity of about 392,000 candles. 
'\-ith the improved electric machines of 
Gramme or Siemens this enormous i.nten- 
sity of light could probably be incrcased 
fi ve or six times. 


SIDERAPHTHITE is the name of a ncw 
iron-alloy, composed of 6:> parts iron, 23 
nickel, 4 tun
sten, 5 aluminum, and 5 cop- 
per. It is said to resist sulphureted hy- 
drogen, is not attack cd by vcg-ctable acids, 
and only slightly by mineral acids. It is 
really more useful than standard silver, 
while it can be produced at a cost not ex- 


ceed
ng that of german-silver. For alloys 
that have to be sjlver-plated to prevent oxi- 
dation, this material is a perfectly success- 
ful substitute. 


THE two islands of New Britain and 
New Ireland, lying east of New Guinea, 
have been visited by a \\T esleyan mission- 
ary, Rev. George Brown, who has explored 
15U miles of the coast of tbe former, and 
100 miles of the latter. Mr. Brown abo 
crossed the latter bland and made large 
natural-history collections. No white man 
had ever been seen inland before, but no 
opposition was offered to the explorers. 
Abundant evidences of cannibalism were 
found, but the natives live chiefly on bana- 
na
, cocoanuts, and pork, and bave large 
plantations. 
INTELLIGE
CE bas been received of the 
death of two ,eminent German travelers in 
Africa: Dr. Edward Mohr, author of "The 
Victoria Fall
 of the Zambesi," and the 
Baron Dr. Hermann von Barth-Harman- 
ting. The latter died by his own hand at 
São Paolo de Loanda, while suffering from 
an attack of fever, in the thirty-first year 
of his age; the former died at Malange, in 
the same Portuguese colony of Angola. 
Barth was, at the time of his death, en- 
gaged in making a botanical and geologi- 
cal survey of the Portuguese African pos- 
sessions, under government auspices; :Mohr 
had but recently returned to Africa, sent 
. out by the German African Society to ex- 
plore tbe country west of the great lakes. 
PROFS. C. V. RILEY, Cyrus ThoIPas, and 
A. Sa Packard, have been appointed United 
States Entomological Commissioners, with 
headquarters at "T ashington. It is un- 
derstood that the main object of this com- 
mission is to thoroughly investigate the 
haunts and habits of the Rocky :Mountain 
locust, and to devise means of exterminat- 
ing that plague, or limiting its ravages. 
Prof. Riley will occupy himself especially 
with the whole country east of the moun- 
tains and south of latitude 48 0 , together 
with the west half of -Iowa and the whole 
of the British possessions. Minnesota,.K e- 
braska, Southern Dakota, and Eastern \\?yo- 
ming, have been assigned to Prof. Thomas; 
and. Montana, Idaho, ".. estcrn ".. yoming, 
and the Pacific slope, to Prof. Packard. 
A RE
.A.RKABLE appearance on the plan- 
et Saturn was observed by Prof. Hall, of the 
.Kaval Observatory, 'Vashington, on Decem- 
ber '7th. A bright spot suddcnly appearcd 
Dear the equator of the planet, spreading 
gradually till it resembled a band extend- 
ing over 90 0 . The phenomenon continued 
to be visiblc for a month, but then the ap- 
proach of the planet to tbe sun made fur- 
ther accurate observation impossible. 
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O:N THE EVOLUTION OF TIlE. FAMILY. 


By HERBERT SPENCER. 


I. 
L ET us now look at the connections between types of family and 
social types. Do societies of different degrees of composition 
Jutbitually present different forms of donlestic arrangenlent? Are 
different forms of domestic arrangelnent associated with the militant 
system of organization and the industrial system of organization? 
To the first of these questions, no satisfactory answer can be given. 
The same marital relation occurs in tbe simplest groups and in the 
most compound groups. A strict monogamy is observed by the mis- 
erable 'V ood Veddahs, living so widely scattered that they can scarce- 
ly be said to bave reached the social state; and the wandering 
Bushmen, similarly low, though not debarred polygyny, are usual1y 
11lonogamic. Certain settled and slightly advanced tribes, too, are 
monogamic; as inst.ance the New Guinea l)eople, and as instance also 
the Dyaks, ,vho have reached a stage l}assing fronl simple into com... 
pound. And then we have monoganlY habitual with nations which 
have becolIlC vast by aggregation and reaggregation. Polyandry, 
again, is not restricted to societies of one order of composition. 'Ve 
find it in simple groups, as among the Fuegians, the Aleutians, and 
the Todas ; and \ve finù it in cOlupound groups in Ceylon, in 1\lalaba1", 
in Thibet. Silnilarly with the distribution of polygyny. It is common 
to simple, compound, doubly-coll1pound, and even trebly-conlpound 
societies. 
One kina of connection bet,veen the type of family and the degree 
of social composition Inay, howcyer, be alleged. Fornlation of com- 
pound groups, hnp]ying greater coördination and the strengthening 
of restraints, imp1ie
 nlore settled arrangmnents, public and private. 
VOL. XI.-9 



13 0 THE POPULAR SCIENCE MONTHLY. 


Increasing rigidity of custom and growth of it into law, ,vhich goes 
along ,vith the extending governmental organization holding larger 
masses. together, affects the domestic relations along .with the political 
relations; and thus renders the family arrangelnents, Le tbey polyan- 
dric, polygynic, or monogamic, nlore definite. 
Can \ve, then, allege special connections between the different types 
of family and the different social types classed as militant and indus- 
trial ? None are revealed by a cursory inspection. Looking first at 
sinlple tribes, .we find among the unwarlike Todas a mixed polyandry 
and polygyny; and aillong the Esquimaux, so peaceful as not even to 
understand the Ineaning of war, we find, along with monogamic un- 
ion
, others that are polyal
dric and l}olygynic. At the same tinIe, 
the warlike Caribs show us a certain 3mouut of polyandry and a 
greater amount of polygyny. If, turning to the other extreme, we 
compare ,vith one another large nations, ancient and modern, it seeins 
that the militant character in some cases èoexists ,vith a }Jrevalent 
polygyny and in other cases with a preyalent or universal monogamy. 
Nevertheless, \\Te shan, on examining the facts more closely, discern 
general connections bet"
een the militant type and polygyny, and be- 
tween the industrial type and monogalllY. 
But first we must recognize tbe truth that a predominant nÚlitancy 
is not so much to be measured by armies and the conquests they 
achieve, as hy constancy of predatory activit;i,e
. The contrast be- 
tween the militant and the industrial is propel
ly between a state in 
which life is occupied in conflict .,vith other beingR, brute and human, 
and a state in \vhich ]ife is occupied in peacefullabor-('nergies spent 
in destruction instead of. energies sp('nt in production. So conceiying 
militancy, we find polygyny to be it
 haùitual accolllpaniment. To 
trace the coexistence of the t,vo from Australians and'Tasmauians 
on through the more developed siulple societies up to the cOlllponnd 
and doubly compound, ,vould be tedious and is needless; for obRerv- 
ing, as we have already done, the prevalence of polygyny in the less 
advanced societies, and admitti.ng as we must their state of unceasing 
hostility to their neighbors, the coexistence of these traits is a corol- 
lary. That this coexistence rflsults froln causal connection iR suggested 
by certain converse cases. Anlong the Dorians, a divisi{)n of the New 
Guinea people, there is strict monogamy, with forbidding of divorce, 
in a primitive community comparatively unwarlike and comparatively 
industrial. Another in8tance is fUl;nished by the Land Dyaks, who 
are monogan1Ïc to the extent that pologyny is an offense, and who, 
though given to tribal quarrels about their lands, and to the taking 
of heads as trophies, have such degree of industrial d
Yelopment tl}at 
the men, instead of making wal" and the chase habitual occupationR, 
do all the hea,TY work, and some division of trades and commercial 
intercourse exists. The Ifill-tribes of India furnish other instances. 
There are -the an1iable Bodo and Dhimals, without military arrange- 



ON THÞ) EVOLUTIO-,,-V OF THE F.AJIILY. 13 1 


ments, and having no \veapons but their agricultural inplcments, who 
are industrially advanced to the extent that there is exchange of ser- 
vices, and that the men do all the out-of-door work; and they are 
monogamous. Similarly the monogamous Lepchas are ,,-holly nIl- 
warlike. Such, too, is the relation of traits in certain societies of the 
New World distinguished from the rest by bcing partiaHy or entirely 
industrial. "Thereas most of the aborigInes of North An1erica, 
habitually polygynous, live solely to hunt and fight, the Iroquois had 
permanent villages and cultivated lands, and each of them had but 
one wife. l\Iore marked still is the case QÍ the Pueblof;, who, " walling 
out barbarism" by their ingeniously-conglomerated houses, fight orily 
in self-defense, and when let alone engage exclusively in agricultural 
and other industries, and whose marital relations are strictly mono- 
gamIc. 
This connection of traits in the simp1er societies, where not trace- 
able directly in the inadequate descriptions of travelers, is often trace- 
able indirectly. vVe have seen that there is ,a natural relation be- 
tween constant fighting and development of chiefly power: the inlpli- 
cation being that where, in settled tribes, the chiefly power is small, 
the militancy is not great. And this is the fact in those above-named 
communities characterized by monogamy. In Dory there are no 
chiefs; among the Dyaks subordination to chiefs is feeble; the head- 
man of each Bodo and Dhimals village has but nominal authority; 
the I..epcha flees from coercion; and the governor of a Pueblo to,vn is 
aÚlluallyelected. Conversely, ,ve see that the polygyny which pre- 
vails in simp1e predatory tribes persists in aggregates of them ,veldcd 
together by 
ar into small nations under established rulers, and fre- 
quently acquires in them large extensions. In Polynesia it character- 
izes in a marked ,yay the warlike and tyrannically-go\Terned Feejeeans; 
· all through the African kingdoms there goes polygyny along with de- 
veloped chieftainship, rising to great height
 in A:shantee and Daho- 
mey, where the governments are coercive in extreme degrees. The like 
may be said of the extinct American f;ocieties: polygyny wa
 an attri- 
bute of dignity among the rigorously-ruled Peruvians, 1\Iexicans, 
Chibchas, Nicaragnans. And the old. despotisln8 of the East were 
also characterized hy polygyny. 
Al1ied ,vith this evidence is the evidence that in a primitive preù- 
atory tribe, all the men of which are warriors, polygyny is generally 
diffused; but in a society compounded of such tribes, p01ygyny con- 
tinues to characterize the militant part, while monoganlY begins to 
characterize the industrial part. This differentiation is fore
IHldowcd 
even in the pi-irnitive predatory tribes; since the least militant nlen 
fail to obtain Ulore than one wife each. And it becomes marked 
when, in the growing population; there arises a division het,veen 
warriors and \vorkers_ 
Still Inore clearly sha11 we see the connection bet,veen militancy 



13 2 THE POPULAR SOIENOE ßIO.Z ' {THLJ7". 


and polygyny on recalling two f:lcts named in the {'hapter on "Exog- 
amy and EnJogamy." By members of savage cúmmunities, captured 
women are habitually taken as :ldditional wives or concuLines, and 
the reputations of warriors are enhanced in proportion to the numbers 
thus obtained. As JUr. 
lcLennan points out, certain early peoIJles 
permitted foreign ,vives (presumably along with other .wives) to tIle 
n1Ïlitary class, ,vlJen wives from alien societies were forbidden to other 
c1a
ses. Even alllong the Hebrews the laws authorized such appro- 
priations of ,vonlen taken in war. The furtller direct connection is, 
that where los
 of many men in frequent battles leaves a great surplus 
of women, the possession of more wives tban one by each man con- 
duces to the maintenance of population and the preservation of the 
society: continuance of polygyny ùeing, under these circumstances, 
insured by the conflicts between such societies, ,,,hich, other things 
equal, entail the disappearance of those not pr.actising it. To wllich 
n1ust be added the converse fact that, in proportion as decreasing 
militancy and increasing industrialness cause an approximate equali- 
zation of the sexes in numbers, there results a growing resistance to 
polygyny; since it cannot be l)ractised by many of the men without 
leaving many of the rest wifeless, and causing an antagonism incon- 
sistent with social stability. lIence mouogalllY is to a great extent 
compelletl by that balance of the sexes which industrialism brings 
about. 
Once Inore, the natural relation bf't,veen polygyny and predomi- 
nant militancy, and l)etwcen nlonogamy and predoillinant ind ustrial- 
ness, is sho,vn by the fact that these two domestic fornls harmonize 
in principle "\\
ith the two àssociated Jlolitical forms. \tVe hnve seen 
that the nli1itant type of s.ocial structure is ùased on the principlù of 
conlpu]sory coöperation, ",vhi]e the industrial t

pe of socinl structure 
is ba
ed on the principle of yoluntary coüperation. Now, it is clear. 
that plurality of wives, whetber the "\\yi"es are captured in war or pur- 
chased fronl thf'ir fathers regardless of tlH
ir own wills, implies domes- 
tic rule of the compulsory type: tIle husband is despot and the wivcs 
are slaves. Conversely, the est.ablis]}ment of monogamy where fe"
er 
'VOlnen are taken in ,val' and fewer nH
n lost in "\\
ar - is accompanied 
by an increased value of tbe individual "
oman, ,,,ho, eycn' when pur- 
chased, is therefore likely to he hetter treated. And when, with fur- 
ther advance, some power of choice is ,acquired by the 'vonlan, there 
is an approach to that voluntary coöl)eration "\\
hich characterizes this 
Inarital relation in its highest form. The dOlnestic de
potism which 
polygyny involves is congruous with the political despotism proper 
to preclonlÏnant militancy,; and the diminishing })olitical coercion 
which naturally fo]]ows developrnent of tIle industrial type is congru- 
ous with the diminishing donle
tic coercion which naturaHy follows 
tbe accompanying dcv(>lopn1Cmt of Inonogamy. 
Probably the histories of European peoples will be cited in evi- 



O
V THE ErOLUTIO.J.V OF THE F.A.JIILY. 133 


dence against this view: the allegation being that, from Greek and 
Roman times dO'VllWal'd, these pcople
, though nIilitant, }):1ve ùeen 
monogamic. It may, however, be replied that ancient European so- 
cieties, though often engaged in wars, had large parts of thcir popu- 
lations otherwise engaged, and had industrial systenls characterized 
])y considerable division of labor and commercial intercour
e. Fur- 
ther, there must be remembered the fact that in Northern Europe, 
during and after Roman times, while 'warfare was constant, monogamy 
was not universal. Tacitus admits the occurrence of polygyny among 
the Gernlan chiefs. Already we have seen, too, that the 
lerovingian 
kings were polygamists. Even in the Carlovingian period 'we read 
that- 


"The confiùence of Conan II. was kept up by the incredible number of men- 
at-arms which his kingdom furnished; for you mu
t know that here, besides 
that the kingdom is extensive as well, each warrior will beget fifty, since, bound 
by the laws neither of decency nor of religion, each has ten wives or more 
even."-(ER
OLD. NIGELLUS, iii., ape Sere R. Fr., vi., 5
.) 


And Kænigs,varter says that" such was the persistence of lega
 con- 
cubinage in the customs af the people that traces of it are found at 
Toulouse even in the thirteenth century." 
Thus considering the many factors that have coi.;perated in modi- 
fying marital arrangements-considering also that some societies, 
becoming relatively peaceful, have long retained in large measure tbe 
structures acquired during previous greater militancy, while other 
societies which have considerably developed their industrial struct- 
ures have again become predominantly militant, causing mixtures of 
traits-the atleged relations are, I think, as clear as can he expected. 
That advauce from the prinlÍtive predatory type to tIle highe
t indus- 
trial type has gone along with advance ii'om prevalent polygny to 
exclusive monogamy, is unquestionable; and that decrease of Inili- 
tancy and increase of industrialness have been the essential cause of 
this change in the type of family, is shown by the fact that this 
change has occurred where such other supposable causes as culture, 
religious creed, etc., bave not come into play. 


Th
 domestic relations, thus far dealt with mainly under their 
private aspects, have now to be dealt with nntler their public aspects. 
For, on the structure of the family, considered as a component of 
a society, depend various social phenomena. 
The multitudinous facts grouped in foreg
ing chapters show that 
no true concei)tion of the higher types of family, in their relations to 
the higher social types, can be obtained \vithout previous stu(ly of the 
lower types of faIllily in their relations tq tbe lower social types. In 
this case, as in all other cases, error results when conclusions arc 
drawn from the more complex products of evolution, in ignorance 
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of the simpler products from which they have been derived. Already 
an instance has been furnished by the interpretations of l)rimitive 
religions given by tIle reigning school of ll)ythologists. Possessed 
by the ideas which civilization has evolved, and looking back on the 
ideas which prevailed among the progenitors of the civilized races, 
they have u
ed the more complex to interpret tbe less complex; aHd 
when forced to recognize the entire unlikeness behveen the inferred 
early religious ideas and the religious idea:::! found among the uncivil- 
ized who now exist, ha ,.e assumed a fundamental difference in n10de 
of action between the minds of the superior races and the }l1inds of 
the inferior races: classing with the inferior, in pursuance of this 
assumption, certain ancient races to which the modern world is 
inùebted for its present advance. Though to the teachings of so- 
called Turanians the Aryans and Semites o"\ve their civilizations; 
though the Accadians had great cities, settled laws, advanced indus- 
tries, arts in which four metals were utiIized
 and ,,'riting that had 
already reached the phonetic stage, ,,,hile the Sen1Ítes were still 
nomadic hordes; though the Egyptians had for EOn)e tllousands of 
years lived as an elaborately-organized nation, approacbing in many 
of its appliances to modern nations, and producing monuments that 
remain a ,,'onder to 111ankind, while the Aryans were wandering with 
their herds in scattered groups about the IIindoo Koosh-yet these 
peoples are, in company with the lowest barbarians, cavalierly grou))ed 
as having radically inferior intelligences, because they s}Jow in an 
unn1Ístakable way the genesis of religious ideas irreconcilaùle with 
that genesis which nlythologists are led by their method to ascriLe 
to the superior races. 
All who accept the conclusions set forth in the first part of this 
w'ork, ,vill see in this il1s4:ance the. misinterpretation caused by 
analysis of the phenomena from above downward, iustead of syn- 
thesis of them from below upward. They will see that in search of 
explanations we Inust go belo,v the stage at which men had learned 
to domesticate cattle and till the. ground. 


I make these remarks by way of introduction to 3: critici
m on the 
doctrines of Sir Henry )Iaine. "TIÜle yaluiug his works, and accept- 
ing as true within limits the views he sets forth re
pecting tLe fanlily 
under its develop
d form, and respecti!lg the part l)layed by it in the 
evolution of. European nations, it is possihle to dissent from his as- 
sumptiolls concE: 1 rning the earliest social states, and frOlll the derived 
conc
ptions. 
As leading to error, Sir IIenry l\Iaine cen
ures "the lofty contenlpt 
which a civilized peopl
 entertains for barbarous neighboIs," which, 
he says, "has caused a remarkable neg-ligence in ob
crving them." 
But he l)a
 not himself ,vholly escaped from the effects of tJús 
enti- 
mente 'Vbile yaluing the evidence furnished by barbarous peoples 
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belonging to higher types, and ,vhile in 
onle cases citing confirmatory 
evidence furnished ùy certain barbarous peoljles of lower types, he 
has practically disregarded the great ma
::; of the uncivilized, aud ig- 
nored the vast array of facts tlley present at variance ,vith his theory. 
Though criticisms have led him sonlew hat to qualify the sweeping gCJl- 
eralizations set forth in his" Ancient La\v;" though, in the prefac{1 
to its later editions, he refers to his subsequent work on "Village 
COlnmunities" as indicating some qualifications-yet the qualifications 
are but small, and in great measure hypothetical. lIe makes light of 
such adverse evidence as 1\11'. 1\lcLennan and Sir John Lubbock give, 
on the ground that the part of it he deems nlost trustworthy is sup- 
plied by Indian llill-tribes, which have, he thinks, been led into abnor- 
mal usages by the influences invading races have suhject.ed them to. 
And, though in his" Early Institutions" he goes so far as to say that 
" all branches of human society mayor n1ay not have been developed 
from joint faluilies ,vhich arose out of an original patriarchal cell," he 
clearly, by this fonn of expression, declines to admit that in many 
cases they have not been thus developed. . 
lIe rightly blames earlier writers for not exp10ring a sufficiently 
wide area of induction. But he has 11Ïmself not made the area of in- 
duction wide enough; and that substitution of hypothesis for observed 
fact which he ascribes to his predecessors is, as a consequence, observ- 
able in his own work. Respecting the eyidence available for fran1Ïng 
generalizations, he says: 
,; The rudiments of the social state, so far as they are known to us at all, are 
known through testimony of three sorts-accounts by contemporary observers 
of civilizations less advanced than their own, the records which particular races 
have preserved' concerning their primitive history, and ancient law." 


And since, as exemp1ifying the" accounts by cont{\mporary ob- 
servers of civilizations less advanced than their own," he names the 
account Tacitus gives of the Germans, and d0es not name the accounts 
modern travelers give of uncivilized races at large, he clearly does 
not include as evidence the statements made by these.! I..et me name 
. 
here two instances of the way in which this 1imitation leads to the 
substitution. of hypothesis for observation. 
Assuming that the patriarchal state is the earliest, Sir Henry 
1\laine says that" the implicit obedience of rude Jllen to their parent 


1 He does, indeed, at pa
e 17 of his" Village Communities," deliberately discredit 
this evidence-speaking of it as "the slippery testimony concerning savages which i3 
gathered fro
 travelers' tales." I am aware that, in the eyes of most, antiquity gives sa- 
credness to testimony; and that so what were" travelers' "tales" when they were written 
in Roman days have come, in our days, to be regarded as of higher authority than like 
tales written by recent or living travelers. I see, however, no reason to ascribe to Taci. 
tus a trustworthinesR which I do not ascribe to modern explore
s, many of them scien- 
tifically educated-Barrow, Barth, Galton, Burton, Livingstone, Seeman, Darwin, Wal- 
lace, Humboldt, Burckhardt, and others too numerous to set down. 
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is doubtless a }Jrimary fact." N o\\r, though among lower races,. sons, 
,vhile young, may be subordinate, from lack of ,ability to resist., yet 
that they remain subordinate 'when they become Illell cannot be as- 
serted as a uniform, and therefore as a primary, fact. In a former 
paragraph it will be seen that obeùience does not characterize all types 
of n1en. 'Vhen we read that the 1\lantra " lives as if there were no 
other person in the ,vorld but himself;" that the Carib ,- is impatient 
under the least infringeluent " of his independence; that the JUapuché 
"brooks no command;" that the Brazilian Indian begins to display 
" impatience of all restraint 3,t puberty"-,ve cannot conclude that 
filial submi::;sion is an original trait. "Then ,vc find that, by ma13Y 
savages, parents, when they become burdensome in age, are killed or 
left to starve; that Ly some, as the GulIinonleros, "old people are 
treated with contumely, both men and women;" and t}lat Ly odIe}" 
savages boys are 110t corrected for fear of destroying t]leir spirit-we 
cannot suppose that subjection of adult son
 to their fathers charac- 
terizes all types of nlen. 'Yhen from Bancroft we learn that to tl:e 
Navajos of :K orth America, "born and bred with tIle idea of perfect 
personal freedon 1 , all restraint is unendurable," and that among them 
" every father holds undisputed sway over his children until the age 
of puberty;" when ,ve .learn that, among some Ca1ifornians, children 
after puberty" were suhject only to the chief;" that alllong the Low- 
er-Californians, "as soon as children are able to get food for thenl- 
selves, they arc left to their o,vn devices;" and that among the Co- 
manches male children" are even privileged to rebel against their 
parents, ,vho are not entitled to chastise them but by consent of tIle 
tribe "-we are shown that ,in some races the parental and filial rela- 
tion early comes to an end. So far from supposing that filial obe- 
dience is innate, and the patriarchal type a natural cOIl
equence, the 
evidence points rather to the inferenèe that tbe two have evolved 
band-in-hand under favoring conditions. 
Again, referring to the way in which originally conlnlon ancestral 
origin was the only ground for united social action, Sir Henry 1\lail1e 
says: 


U Of this we may at least be certain, that all ancient societies regarded them- 
8elves as having proceeded from one original stock, find even laborèd under an 
incapacity for comprehending any reason except this for their holding together 
in political union. The }listory of political ideas begins, in fact, with the as- 
sumption that kinsllip in 1100d is the sole pO
8iblc grounù of community in po- 
litical functions." 


N ow, if by "anci
nt societies" are meant those only of which records 
bave com
 down to us, and if the" history of political ideas" is to 
include only the idea" of such societies, this nlay be true; l)ut if we 
arc to take account of societies Dlore archaic than these, and to in- 
clude under political ideas those of other !)eoples than Aryans and 
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Semites, it cannot be susÚlined. Proof bas been gi veu that political 
coöperation and the accompanying structures arise from the confliots 
of social groups with OIle another. \Ve bave seen that this evolves 
chieftainship, ,vhich heconles established ,vhen the nlilitary activity is 
constant; and we have seen that, having first politically organized 
simple gronps, this process afterward politically organizes conlpound 
groups,. and again dou11y-colnpoulld groups. Though it may be facili- 
tated where" the comnlollwealth is a collection of persons united hy 
a COlll11l0n descent from the progenitor of an original f
llnily," yet, 
in Illultitudinous cases, it takes place ,vhere no connection of this kiud 
exists aillong the persons. The members of an Australian tribe which, 
under a teillporary chief, join in battle against those of another triùe, 
bave not a common descent, but are alien in blood. If it be said that 
})olitical functions can in this case scarcely be alleged, then take the 
case of the Creeks of North Ameriea, whose men have various totems 
implying various ancestries, and 'whose twenty thousand people,. liv- 
ing in seventy villages
 have nevertheless evolved for thenlselves a 
government of considerable complexity. Or, . still better, take the 
Iroquois, who, similar in tbeir formation of tribes out of intern1Ìugled 
clans of different stocks, were welded by combined action in war into 
a league of five (afterward six) nations under a perlnanent rl'puhlican 
governlnellt. Indeed, this system of kinship puts relations in politi- 
cal antagonisn1; so that, as we reacl in Bancroft of the li:utcbins, 
"there can never be intertribal war without ranging fathers and sons 
against each other." Even apart froIn the results of mixecl clan8hips, 
that instability, which ,ve have seen characterizecl primitive relations 
of the sexes, negatives the belief that political coöperation every- 
,vhere origin:ltes from fanlily coöperation. Instance the IT hove-named 
Creeks, of whom, according to Schoolcraft, " a large portion of the old 
and middle-aged Inen, by frequently changing, have haa many differ- 
ent "rives, and their chilL1ren, scattered around the country, are un- 
kno \\"11 to them." 
Thus finding reason to suspect that Sir Henry l\laine's theory of 
the family is not applicable to all human societies, let us proceed to 
consider it more closely: 


JIe implies that, in the e.arliest stages, there "Tcre definite marital 
relations. That which he calls" the infancy of society "-" the situa- 
tion in ,,'hich mankind disclose themselves at the da\\Tn of their his- 
tory"-is a situation in which" , everyone exercises jurisdiction over 
his wives and his chlldren, al)d they pay no regard to one another.'" 
But in foregoing chapters on "The Prilnitive Relations of the Sexcs," 
on " Promiscuity," and on "Polyandry," nun1erons facts ha,'e lJeen 
given, showing that definite, coherent nlarital rclations arC' prcccded 
by indefinit
, incoherent o11rs; and also that, 3nlong the nlarital rela- 
tions evolving out of these, there are in nlauy places types of falnily 
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composed not of a man ,,
ith wife anrl children, hut of a wife ,vith men 
aud children-such family-fonlls being found not alone in societies of 
enlbryollic and of infantine types, but also in considerably advanced 
societies. 
A furtht'r assumption is that descent has always and everywhere 
been in th(1 Inale line. That it has froln the earliest recorded tÏlnes 
of those peoples with wholn Sir IIellry l\Iaine deals, nlust be adn1Ït- 
ted; anù it may be admitt{1ù that male descent occurs also among 
some rude peopleb of other types, a
 the Kukis of India, the Beloo- 
ches, the N ew-Zealanden;, the Hottentots. It is by no means the rule, 
bowever, alnong the uncivilized. 1\11'. 
IcLennan, who has pointed 
out the incongruity between this assumption and a great mass of 
evidence, shows that in all parts of the ,vorld descent in the felnnle 
line prevails; and the abundant proofs given ùy him I might, were 
it needful, enforce by many others. This system i::; not lilnited to 
groups so little organized that they might be set aside as pn'infalltine 
(were that perlnissihle); nor to groups that stand on a level ,,
ith the 
}Jatriarchal, or so-called il1fantine, societies in pcint of organization; 
but it occurs in groups, or ratlJer nation::;, that have eyolvcd complex 
structures. Ellis says that kinship ,vas through f('lnales ill the t"TO 
higher ranks of the Tahitians; and Erskine says the like of the TOll- 
gans. It ,,
as so, according to Piedrahita, with the ancient Chib- 
chas, who had made no insignificant strides in civilization. Anlong 
the !roquûis, again," tit les, as wen as property, descended in the 
female line, and were hereditary in .tbe tribe; the son could never suc- 
ceed to his father's title of 'sachem, nor inherit even his tomahawk; " 
and these Iroquois had advanced far beyond the infantine stage- 
were governed by a representative assembly of fifty sachems, IJad a 
separate military organization, a Feparate ecclesiastical organization, 
definite la w
, cultivated lands individually pOEsessed, perInanent for- 
tified villages. So, too, in Africa, succession to rank and property 
follows the female line anlong the coast-negrocb, inlanc1-negroes, 
Congo people, etc., ,vho have distinct industrial systems, four and five 
gradations in rank, settled agricultures, consideraùle commerce, towns 
in streets. TIow n1isleadillg is the limited ob
ervation of societies, is 
shown by l\Iarsùen's reIuark respecting the Sumatl
alls of the Batta 
district, that" the sucee
sion to the chiefsbips does not go, in the first 
instance, to the son of the deceased, but to the nephew by a sister; " 
and that "the same extraordinary ruie, with respect to property in 
general, prevails also among the 
Ialays of that part of the island: " 
the rule which he tbus characterizes as " extraordinary" being really, 
among the uncivilized and little civilized, the ordinary rule. 
Again, Sir IIenry 1\Iairte postulates the existence of government 
from the beginning-patriarchal authority o,'er wife, children, slavr-s, 
and all who are included in the primitive social group. But those 
who have read preceding cJlapters on "The Regulating System" and 
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"Social Types" 'will scarcely need reminding that in variou
 parts 
of the world we find social groups ,vithout heads, as the Fucgians, 
SOlne Australians, 11l0St Esquinlaux, the Arafuras, the Land Dyak:-- of 
the Upper Sara,vak River; otbers with headships'tbat are but occa- 
sional, as Tasmanians, some Australians, some Caribs, sonle U aupés ; 
and 11lany others with vague and unstable headshipR, as the Alldama- 
nese, Abipones, Snakes, Chippewyans, Chinooks, Chippeways, sonle 
I{allltchatdales, Guiana tribes, 
Ialldans, Coroados, New Guinea peo- 
ple, Tannese. Though it is true that in SOllIe of these cases the com- 
Inunitic3 are of the lowest, I see no adequate reason for excluding 
theln fronl our conception of "the infancy of society." AHd even 
saying nothing of these, we cannot regard as lower than infantine in 
their stages those con1n1unities ,vhich, like the Upper Sarawak Dyaks, 
the Arafuras, the New Guinea people, carryon their peaceful lives 
without other governlnent than that of public opinion and custon1. 
Jloreover, as has been pointed out, ,vhat headship exists in many 
simple groups is Bot patriarchal. Such chieft
inshiv as arose an10ng 
the Tasmanians in tinle of war was determined by personal fitness. 
So, too, according to Edwards, 'with the Caribs, and, according to 
Sw'an, with the Creek8.. Then, still further showing that political 
authority does not al ways begin with vatriarchal authority, we Lave 
the Iroquois, whose system of kinship negatives the genesis of patri- 
archs, and ,vho yet have developed a cOlnplex republican government; 
and we have the Pueblos, who, living in ,veIl-organized comnlùnities 
under elected governors and councils, show no signs of patriarchal 
rule in the past. 
Another component of the doctrine is that, originally, property is 
held by the' family as a corporate body. According to Sir Henry 
l\Iaine, "one peculiarity invariably distinguishing the infancy of 
society" is that" men are regarded and treated not as individuals 
but always as menlbers of the particular group." The man \vas not 
" regarded as himself, as a distinct individual. lIis individuality ,vas 
swallowed up in his family." And this alleged primitive submergence 
of the individuaì affects even the absolute ruler of the group. 
"Though the patriarch, for ,ve n1ust not yet call him the pater- 
fanÜlias, l)ad rights thus extensive, it i
 impossible to doubt that he 
lay under an equal aluplitude of obligations. If he governed the 
falnily it ,yas for its behoof. If he was lord of its l)osse
sion
, he 
held them as trustee for' his children and kindred. . . the f:unily, in 
fact, was a corporation; anù he was its representative." Ilere, after 
expressing, the doubt whether there can exist in the prhnitive mind 
ideas so abstract as those of trusteeship and representation, I go on 
to relnark that this hypothesis involves a conception difficult to 
frame. For \vhile the patriarch is said to hold his possessions" in a 
representative rather than a proprietary character,;' he is said to ha,'c 
unqualified donlinion over chilùren, as over slavf's, extending to life 
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and death; ,,,hich implies that though he possesses the greater right 
of owning subordinate indh iduals absolutely, he does not possess tIle 
s111aller right of owning absolutely the property used by them and 
himself. I may add that besides being difficult to frarne, this concep- 
tion is not easily reconcilable with Sir IIenry 
Iaine'
 description of 
the patria potestas of the Ronulns, which he says is "our type of tlJe 
pri1llcvIli paternal authority," and of ,vhich he renlarks that while, 
during its decline, the father's power over the son's person became 
nominal, his "rights over the son's prope
.ty wen
 nhvays exercised 
,vithout scruple." And I may also naUie its 
eenliJlg incongruity with 
the fact that political rulers who have a b80lute powers of life alId 
death over their subjects, are usually also regarded as in theory 
owners of their property: instance at the present tinle the kings of 
Dahomey, Ashantee, Congo, Cayor on the Gold Coast. Pá
sing to 
the essential question, ho\vever, I find ll1yself here at issue not with 
Sir IIenry 
Iaine only, but also with those 'writers on prin1Ìtive social 
states who hold that all ownership is originally tribal, that family 
ownership comes afterward, and individual ownership last. Às al- 
..eady implied, tbe evidence appears to me to show that from the be- 
ginning there has been individual o\vnership of all such things as 
could ,,'ithout difficulty be appropriated. True though it is that in 
early stages rights of property have not acquired definiteness; certain 
though it may be that alnong primitive men the moral sanction which 
property equitably obtained l)as among ourselves is lacking; obvious 
as ,ve find it that possession is ,often estahlished by right of the 
strongest-the evidence implies that in the rudest comlnunities there 
is a private holding of useful Illovables ll1aintained by each ]nan to 
the best of his ability. A personal nlonopoly extends itself to such 
things as can readily be monopolized--:--a proprietorship not yet made 
definite by the growth of social regulations. The Tillné, who, " re- 
garding all property, including wives, as belonging to the strongest," 
show us in a typical way the prin1Ïtiye form of appropriation, also 
show us that this appropriation is completely persGnal, since they 
"burn with the deceased a11 hi:::; effects." Indeed, even apart from 
eyidence, it seems to ll1e an inadn1issible supposition that in "the in- 
fancy of society" the egoistic savage, utterly without idea of justice 
or sense of responsibility, consciously held his belongings_ on behalf 
of thof;e depending upon him. 
One Inore element, indirectly if nòt directly involved in the doc- 
trine of Sir Henry 
faine, is that ,
 the infancy of society" is charac- 
terizccl by the perpetual tutelage of 'wOJnen. 'Vhile each male de- 
sccnclant has a capacity" to become hin1self the head of a nc,v family 
and the root of a new set. of parental powers," " a WOlnan of course 
has no capacity of the kind, and no title accordingly to the liberation 
which it confers. There is therefore a peculiar contrivance of archaic 
j ul'isprudence for retaining her in the bondage of tllC family for life." 
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And the inlplication appears to be that this slavery of \vomen, derh
ed 
fron} the patriarchal state, and naturally accompanied by inability to 
hold property, has been slowly mitigated, and the right of private pos- 
session acquired, as the prinÜtive fauÚly has decayetl. But when "ye 
pass from the progenitors of the civilized races to existing unciviliztd 
races, we meet with facts requiring llS to qualify this proposition. 
Though in tribes of primitive men, kno,,'ing no law but that of brute 
force, entire subjection oï,volnen is the rule, yet there are exceptions, 
both in societies lower than the patriarchal in organization, and in 
higher societies \vhich bear no traces of a past patriarchal state. "T e 
learn frOIn Hodgson that among the l{occh, who are mainly governed 
by " juries of elders," " \vhen a woman dies the fanÜly property goes 
to hel' daughters." 1\la8011 tells us of the Karens, ,vhose chiefs, of 
little authority, are generally elective and often wanting, that "the 
father wills his property to his children. . . . Nothing is given to thp. 
,vidow, but she is entitled to the use of the property tilll1er death." 
'Vriting of the Khasias, Lieutenant Steel says that "the house belongs 
to the ,voman; and in case of the husband dying or being separated 
froln her, it renlains her property." Among the Dyaks, whose law of 
inheritance is not that of primogeniture, and whose chieftainships 
where they exist are deternlined by merit, St. John tells us that as the 
wife does an equal share of work with her husband, " at a divorce she 
is.entitled to balf the ,vealth created by their mutual labors;" and 
Raja
 Brooke writes, concerning certain Land Dyaks, that" the 1110St 
powerful of the people in the place ,yere two old ladies, ,,
ho often told 
Ille that all tl}e land and inhabitants belonged to then1." North 
America furnishes kindred facts. Of the Aleutian-Islanders, Bancroft, 
in agreOluent ,vith Bastian, tells us that" rich WOUlen are permitted 
to indulge in t\VO husbands "-ownership of property by fenla]es being 
inlplied. Alnong the X ootkas, in case of Jiyorce, there is" a strict 
division of lH"operty"-the wife taking both what she brought and 
,vhat she has Inade; and sinlilarly anlong the .J pokanes, "all house- 
hol(1 goods :1re considert'à the \vife's property," and there is an equi- 
tahle division of property on dissQlution of marriage. Again, of the 
Iroquois, who, considerably advanced as we have sepn, ,vere shown, by 
their still-surviving systen1 of descent in the fenlale line, never to bave 
passef1 through the patriarcil:11 stage, we read that the proprietary 
rights of husband ana "Tife reInainec1 distinct; and, further, that in 
case of s'eparation the children went ,vith the DIother. Still more 
striking is the instance supplied by the peaceable, industrious, freely- 
governed Pueblos, whose 'vonlen, otherwise .occupying good posi- 
tions, not only inherit property, but, in SOlne ca
es, make exclusiye 
claims to it. Africa, too, where the condition of women is in most 
respects lo\v, but ,vhere desccnt in the feluale line continues, furllislH
s 
ex
nnples. Sl}abeeny tells us tlUlt in Timbnctoo a son's share of the 
father's property is òouble that of a claughter. Describing the cus- 
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toms of the people above the YeHala Falls on the Congo, Tuckey says 
fowls, eggs, nlallioc, and fruits, " seem all to belong to the women, the 
men never disposing of theln without first consulting their ,viyes, to 
whom the beads are gi Yen." 
Thus there are many things at yariance with the theory'which sets 
ont by asslul1ing that" the infancy of society" is exhibited in the 
patriarchal group. As was Ï1nplied in the chapters on the" Prin1itive 
Relations of the Sexes," on "Promiscuity," on "Polyandry," tbe 
earliest social groups were without domestic organization as they 
were ,vithout political organization. Instead of patriarchal cluster, 
at once family and rudimentary state, there was at first an aggregate of 
males and females without settled arrangements, and ha \'ing no rela- 
tions save those established by force and changed when the stronger 
willed. 


... 


OUR A},IERICAN O'VLS. 


By PROFESSOR SA
rGEL LOCKWOOD. 


T HE owls are rapacious bird
, and in company with all the tnle 
birds of prey belong to the great order Raptores. The order 
branches into two large groups, kno\\rn respectively as the diurnal 
and the nocturnal birds of prey. To the IJiurnes belong the vultures, 
hawk
, and eagles; to the .l{octurnes belong the o\\Tls. 
If 1\lrs. l\Ialaprop cannot see ,vhy the owl is a" rapturous bird," 
she can admit its claÏIn to openness of countenance. Onc
 seen, the 
o\vl can never he mistaken; its flat, pussy face, and large, brassy cat- 
eyes, set sqnare in front of the head, are so unbirdlike. It was a 
London }10Ii<1ay; a sholFWOnlaIl ao,l her daughter stood before the 
cage of 1\ octnrnal Raptol"es at the" Zoo." Said tIle cIder, "See 
these heagles !" to which the younger replied," TheIn isn't heagles, 
they're 'awks." "If you please," interposed a servant stancHng 
nea,", "them iso't }1pagles nor 'awks, they're howls. 1\[y maister's son 
once kept one." 
The owls are found nearly the whole ,vorId over. The books 
mention about two hundred species,- as species are yet understood, 
and queer specimens are they everyone. As a rule, ho\v trill1, spruce, 
cOInpact, and graceful are the falcons, the typical l)irds of prey! 
IIow fluffy, squatty, and dowdyish is the typical owl! 'Vhether it 
means little or much, it is thus with the Diurnal and the Nocturnal 
Lepidoptera. j\R the eldel
 naturalist said: "If any analogy is allow- 
able het,veen different tribes of animals, tIle o"Tls n1ight be said to re- 
smnble n10ths" (the night-fliers), "and to differ from the diurnal birds 
of prey as these <10 from the butterflies" (the d:1y-fliers). These birds 
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bave been called "feathered cats," for th(1 ow], cat-like, pro,,-]s at 
night, and steals upon its yictim by a quick, fluffy, still swoop or 
spring. "\Vith the silent moven1ents of a spirit, and a voice so super- 
natural, and with certain associations of time anel place, the effect is 
appalling. As if burned into the brain-tissue ,,-ith a hot iron, the 
memory of a certain night experience when but a lad is still fresh 
and vivid. It was a "Turril home; sickness had entered at "the witch- 
ing-time of night." No man around, and the well must stay by the i11 ; 
then who should go for tbe tloctor, l1l0re than a mile a,vay? Impul- 
sive and sympathetic, I ","'as " the good and ùr:H'e ÙO)T" to volunteer. 
Not until after midnight ,vas the doctor's house reached, and he ,tas 
out. l\Iuch disappointed that I must return alone, thinking to help 
the nlatter, I ventured upon that country-boy expedient known as a 
" short cut." So the open road was abandoned for a narrow path 
which lpd to the old graveyard, which having reached, my tin1idity 
began to increase. Cautiously I cro
sed the stile of the stone-wa1l, 
and just as I had eutered, the clock in the oJd church-tower struck 
one! There was first a startling. shock, then a prolonged horror, for 
the reverberations kept every fibre of my frame in a quivering tlnill. 


c=. 
 
 - (
1(1:1 . 

,," "
 I 
 i 
 /-1 
 '-, 2=-- = - -
... J
_- / .:;. 
- _ '.- :::::'=- 
= ,,

\lI\I., I /
 _ J' '_-A!<" _ ....
 '\\._ " _ 
: ,'
 V i'

", .& 

I.)' 
,- _- _ = .;
 '" " ==- 

 .::- _ 
]Ii ' 
 :t 1<' - =-
 =-- 
 '1;11 
 ''\-,)':' -
 
'f __ - '\ 1
 \



., 


 _ 

 "
 - -' . '
;A 
\! =-
= 
 
 

 - ----
 ,: \\. --;

 --.... ,,: _ 
 _

 
. . Inri, " "0_ 
=-- - ',- 


 

; s.
 
 '


 
 ' , >!
4"'=
,,
 _ -
 ,,:_ _ _
 
 -_ - 
{ 
-- , =l I\I',
 _ --, - \'\ ...
\
 
 :..' '^


 /1- ,,' 
 - '=-= J " I = 
 
 
- ' \ "I';,,

'1' };T 2 ' ,



' 

 ,.' r 
, - - --ai1li1
 : ; - -- > I 
---- I '
,-,.. ,
" - 1...:.:>> ,- "'.... -', 
 -!iÞ- "A-",' , JIIIIj IJ)t - 

' l' ''''ì.:.',;
,. 

 >"
"', -, _ -
,= - \ \ 
j 
:: 1:
 ': 
. - -,,, 
: ,
' 
t:"': " :, 
 
 
 ,: 1
[t ' 
 I f,ffl4 
;}.$- - ... 
A: '\" ;
 ,-,'I. >" ' "
 ;_ __
 __ _ ' 
. " ' f I _ J:k./,1' .'!'.' -=- 1 
 
iU 

 E"

" , 
 
,
'

'

 I I - 
1i... ---:-:- 
" . '........ 
 
 
---, 
 ,
 , - -- 11 "- 
- if! 
-: _:
= -
 '
,.'., " -
'>> - 

.. 
)i" 
_, <x 
 
,.
 " -
:. ,
 
.
 __ " - - = 
-- ---' - - - "-"::-'\ $."'. ,..!:\
 - 
, '- 

 === :: 
_c. _ _ _ -' ' . - =--:;"
=.. 
 \ ,. - -- 
!. - -- . A'
--
"-
\-"., ""

,



..
.,

, - 
- '

'\


\,'. ::
= - - 

 

 
 _

 1'1. ""'''''''''''i, '. 'lll',',.)!' 

I
 - - _ . '''
- -- -' 'i\:\)1
 ==:..4 
:;-.

 


 
_- _' _,,:.I
 ).: "
'_ 
_'__-'



:- \
:;-=- -
:.r: ,,' ',- _ 

 -=---- ," -. 


\\,,'I\.jf\))::JII... r ..L. 
-=- - -, -- -
 __ --..:- - -'_m. 
I(I"'1'I,r 
 fl' 
_ 
 - - 


FIG. 1.-TnE WlIITE OR BARN OWL oF' EUROPE (St'Jix jlammea). 


I think the n100U was large, and running low, for my shadow w}Üch 
preceded me ,vas frightfully long, while parallel to it, in lllOst forbid- 
ding Heigll hor
hip, lay -the dark shadow of a tall Lonlbardy poplar, 
as if reflecting SOllle huge 1110nnn1ental shaft. The grave of a sainted 
mother ,vas near, and a certain sense of her nearness somewhat 
soothed thc fears of that little night waif. I bad now got wl'1l be- 
yond the'R:1ddclling shadow of that shaft.like tree, and the exit from 
the churchyard ,va
 hut a few ster
 off, ana my courage was begin- 
ning to rise, when lo! froln out of that dark s}wJt hchind TIle burst 
a savage, piercing screaln, as it n1Ïght be of some gohlin 
entry: 
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" Who !.-wbo !-,vho-o-o-oo are you?" How that boy's heart did' beat, 
anù how he ran, alUlost flew, cannot be told. It' was still a long "Tay 
froln home, but this ,vas gained at last. lIe rushed into the house 
(the tolks were up-stairs), and, without reporting to them, he imnledi- 
ately threw himself face do"Tn,vard upon the lounge, and sobbed his 
fright away, as little people often sensibly do. And now, if Letter 
late than never, let it he honestly confessed: that boy for years enter- 
tained a very owlish creed, bui1t upon bis own experience. He be- 
lieved in a peculiar graveyard Striæ. In fine, it may as well come 
out-he was a spiritualist, in the strictest, spookiest sense. 
The owls are intensely carnivorous. The diminutive ones will 
feed largely upon insects, and some of the large kinds will eat them 
occasionally. But Nature has lnade them for pro,vlers, and as such we 
find then1 fond of fle
h, fo,vl, and fish. So imluense is their destruc- 
tion of the slua11er rodents, that they are wort.h n1Ïllions to the agri- 
culture of our country. They are the feathered Nimrods of the 
night. Even the ..American hare, the rabbit ,vrongly called, falls an 
easy victim. Some of the owls can fish, too. But .whether hunting, 
fowling, or fishing, they lack the style of doing it which belongs to 
the falcon tribe; and when out bugging it is but a bungling business 


FIG. 2.-AMERICAN BARN-OWL (Strix jlammea, Yare Americana). 


compared with the professional rôle of the insectivorous bird
. Their 
angling, too, is simply upon quiet ,vaters. They cannot brave "the 
nlutinous ,vinas 'twixt. the green sea and the azurec1 vault." In com- 
Ulon with all the Raptores, they catch tlJCir prey "Tith the talons, not 
with the hpak. In eating hirds the owl prefers to tear his prey in 
piecemeal, hut a sOlall rodent is swallowed entire, being usually tossed 
into the air to adjust its position, so that it may fall head first into 
the bird's ]nou
h. It disappears in one astonishing gulp. A second 
gulp is usually needed, as the tail is often after the first left hanging 
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from one side of the mouth. The indigested mass forms a roundish 
ball or pellet in the stomach, ,vhich the bird vomits up. These pel- 
lets or castings indicate what enormous feeders the owls arc. One 
'v hich I took out of the stomach of a little screech-owl was as big a5 
a ,valnut, and made up of hair and bones, and had in it the skulls of 
six mice! 
"'\Vhile adopting Dr. Coues's specific nomenclature, let us follow 
John Cassin's distribution of these birds. To aid both memory and 
judgment, the following scheme is oflered : 
FAMILY. 
Strigidæ.- The Ow18. 
SUB-F Ar.ULIES, 
1. Striginæ.-The Typical Owls. 
2. Buboninæ.-The Horned-Owls. 
3. ßyrninæ.-The Gray Owls. 
4. Ath.eninæ.-The Bird-Owls. 
5. Nycteininæ.-The Day-Owls. 


1. Among the Striginæ we find no large ow Is, but here are found 
the typical birds of the family. Here is seen in its highest perfec- 
tion of form that owlish peculiarity of the face known as tbe facia] 
disk; that circle of bristle-like, radiating feathers, which helps tbe 
big round eyes to their cattish stare. The eyes, however, of the birdl3 
in this group, are not so large as are found in some species in the 
other groups; but the bills of the Striginæ are somewhat longer. 
IIere we fin<! the .white or barn owl of the authors, which is in fact 
the world's traditional owl. Its portrait is given in Fig. 1, ,vhich is 
Striæ jlammea (Linn.), the barn-owl of Europe. This and the Alneri- 
can barn-owl 'were long regarded as the same species; but Cones 
considers it a geographical variety, and, restoring Audubon's n3me, 
makes a sub-species of it, thus: S.jlamrnea, var. Arnericana (Fig. 2). 
South of a certain latitude the bird is abundant on both sides of our 
continent, chiefly near the sea. It is sometimes found in N e,v York 
aud N ew Jersey, wbere it breeds in trees with the barest apology 
for a nest, as- the eggs are laid upon the débris or cast-up }1elJ(lts of 
the bird, which crumble and 11lake a softish but filthy n1CSS. Dr. 
Newberry states that he saw this bird occupying holes in the perpen- 
dicular cliffs on the shores of San Pablo Bay. Wood says the Euro- 
pean barn-owl lives in trees and crevices of old InÜldings, laying its 
.white, rough-surfaced eggs upon a soft layer of its own castings. So 
intensely pungent is the odor of the nest that it is ,vith difficulty the 
band can be ,vas})ed free of it after meddling with the' (lggs. rrbe 
young are described as curious little puffs of '---whit
 do,vn. TJ)e Eu- 
ropean species is often found fe('ding a broort of young, while it is 
hatching another 8et of eggs. The bird iR often tan1ed, and sometimes 
VOL. XI.- 10 
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makes a really intelligent pet. Tbe American species is not coronIon 
in the Middle States. 1Ve saw one this spring, a gay, attractive bird, 
in an hotel at Tom's River, New Jersey. It fairly glowed in a warm, 
bright tawny hue. In reply to an inquiry, we promptly pronounced 
it a young barn-owl; but its owner was piqued at the idea that any- 
body should have seen its like before. 
2. The sub-family Buboninæ, the eared or horned o,vls, are so called 
because of a pair of feathery, car-like tufts, which are so set upon the 
head as to have earned for these birds the general name, cat-owls. 
Their facial disk is not quite perfect. The most famed bi d of this 
group is the great born
d-owl (Bubo Virginianus, Bonap.) (see Fig. 
:1). This bird has usually a white collar round the neck. It is truly 
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FIG. 3.-GREAT HORNED-OWL (Bubo ril'ginianU8). 


a magnificent bird, of indomitable spirit and large size
 being about 
t,vo feet in length. It does not migrate, and is found }n'etty much 
all over North America.. It breeds in winter and early spring, nest- 
ing in hollow trees and crevices of rocks, and is said to build also on 
some large branch, or in the crotch of a tree. Dr. C_oues gives an in- 
teresting account of two unfledged ones, which he captured in Da- 
kota, in the month of J'une. They ,vere his pets for the ,-vhole sum- 
mer, and traveled with him several hu.ndred n1iles. For a while they 
had t,vo different notes, the onc of hunger or loneliness, a querulous, 
explosive syllable, and the other a harsh cry of anger, or remon
 
Btrance, ,vhen rudely handled. They did not begin to hoot until tlleY 
were about four months old, and then only,vhile at liberty during the 
night; for, says he, they became so thoroughly tanlC that, as their 
wings grew, enabling them to take short flights, I used to release 
them in the evening from the tether by which they ,vere confined. 
They enjoyed the liberty, and eventually,vould stay away all night, 
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doubtless foraging for theIllselves for their natural prey, and return- 
ing to their shelter behind 
my tent in the morning. 
The adult great horned-owl has considerable vocal ability. At 
one time it will startle the hearer with à barking like that of a dog; 
at another time it will utter sounds much like half-suppressed f5creams, 
a.s if of one ,vho is getting throttled; then it ,vi}] break out into a 
loud, wild, demoniacal yell of "'Vaugh O! waugh O!" startling the 
woods, and almost terrifying every living thing. 
I was myself greatly interested in a pair of these young owls, 
taken from the nest early in l\Iarch. Big, fluffy things they ,vere, 
covered with thick, yello\v do,vn; and such eaters, nay, gormandizers 
is tbe ,vord! It really seenled as if nothing came amiss to their 
appetites. The offal of chickens-heads, entrails, gizzards-all went 
down in quick order. One thing surprised me. As we could not at 
all tiDIes obtain aninlal food for them, my daughter thought of an 
experiment. She made balls, as large as hickory-nuts, of moistened 
meal, the outside being flavored with ra,v eggs. These they took 
down quite greedily, and, when very hungry, took the meal-balls 
,vithout the flavoring. It "as necessary to feed thenl with one's 
fingers. It ,vas amusing to heal' tl1eIn snap their bil1s when annoyed 
or made afraid. The report thus made was pretty loud. They gre,," 
finely; but soon got killed, when off on a stray. 
The little horned-ow I is shown by Fig. 4. It is the Scops asio 
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FIG. 4.-THE AMERICAN SCREECH-OWL (SCOPS aÛo). 


(Bonap.), and is variously known as the l\.merican screech-ow], the red 
owl, and t
e mottled owl. It is but ten inches long, though tbat is 
even two inches longer than its European relative. It ranges through 
all the Atlantic States, even up to Greenland. N or is it driven away 
by the clearing off of the woods; anù now more th
n ever it seeks to 
be a winter denizen of the city parks, attracted, doubtless, by the 
abundance of English sparrows, which afford it food. This little 
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screech-o,vl, ,vith its staring eyes and pert, ear-like tufts, has a de- 
cidedly cattish look. In truth, it ,veal'S a grave, grimalkin cast of 
countenance, ,vhich, in a bird, is quite uncanny and unnatural. A 
mounted specinlen in my parlor 'was an object of dread to a little girl 
visiting us from th(? city. It availed nothing to tell the child that 
little 
lotley would not hurt her, while the unbird-like little thing 
would stare at Jler 80. 
To the naturalist Scops asio has been a provoking elf. It is to 
be hoped that the sage-looking little fellow did not scoff behind his 
gravity at these learned luen, or count any of them asinine whom h(\ 
so misled by his eccentric freakiness in dress. Coming before a man 
of science at one time wearing a suit of sober frieze, again appearing 
in mottled gray, and anon clad gayly in tawny red, how ludicrously 
easy and inviting was the trick of specie-making ! Well, that con- 
troversy is over now, and to write the strife d
wn as history "Tould be 
enough to make l\Iotley bristle to his toes. 
The American long-eared owl (Otus Wilsonianus, Less.) (Fig. 5), 
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FIG. 5.-AMERICAN LONG-EAHED OWL (Otus Wilsonianus). 


is a fine bird, some fifteen inches long, and is stric_tly nocturnal. It 
often breeds in deserted nests of other large birds; but'is not over- 
scrupulous, as it ,vill sometimes drive away the rightful occupant of 
a nest, and take possession. The facial disk is perfect. Its honle is 
temperate America, up to Hudson's Bay. " Its cry is plaintive, con- 
sisting of two or three prolonged notes repeated at intervals." 
3. The Syrni'JtO?, or gray owls. In this sub-falnily is found thl' 
largest bird of the species 
nown in Anlerica; also the smallest speci- 
men east of the l\lississippi. Their tails are large and round. Even 
for owls, they have large heads, but smallish eyes, and 110 ear-tufts, or 
these almost unnoticeable. One of these is represented by Fig. 6, the 
barred owl (Syrnium nebulosum, Boie). The average size is twenty 
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incbes. It is COlnmon 
outh. A quaint and lively bird, its actions 
look like antics, for it is an oddity, even anlong its o,vn folks. IIif= 
portrait is tbat of a gay, unsuspecting fellow
 lIe has queer ,vays, 
for an owl; be is not sedate enougb. In the deep woods, and in hroad 
daylight, ,vhen all o'VJdolll is abed, he will set up bis comical balf- 
laugh, half-cry, " 'Vhab! ,vbah! whab-a-a-aa!" which has in it some- 
thing of the affectation of an exquisite. lIe is the dandy-owl-as he 
bas bpen called the buffoon of the wood
. 
.1\ mucb graver pert5on, and the giant of American owls, is the 
great gray o,vl (S. cineri'lun, Aud.). IIis length is thirty incbes. Tbe 
cry is not unlike tbat of tbe mottled owl. The bird is common in 
Can
u]a, and bas been shot in N e,v Jersey. 
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FIG. 6.-THE BAURED OWL tSY'rlliwn 7leùulosum). 


As representing the gray owls ,yell, we must instance tbe brown 
or ta,vny owl, so called in England, althougb its upper parts are ashen 
gray (see Fig. 7) (S. alllco, Linn.). This bird is found in Great Britain, 
on the Continent, and in Japan. It is only some :fifteen inches long, 
and of retiring babits, as it loves the deep, dark ,voods, ,vhich it \vill 
make ring wit h its dolorou
, wolf-like cry of " Hoo! boo! boo!" It 
is an indiscriminate feeder, regaling itself on 
lugs, insects, s
all 
quadrupeds, birds, and fish. And it is quite a clever fisherman in 
its ,yay, having been kno,vn to carry a pound-weight trout to its young. 
Its mode of angling is to stand stock-still, and patiently, on a protrud- 
ing stone in a rippling stream, and, when an unsuspicious swimmer 
comes alo
g, to invest five talons promptly, and take the venture out 
in fisb. 
In this group belongs the genus Nyctale, which contains tbe pretty 
little sa,v-whet, or Acadian owl (Nyctale Acadiæ, Eonap.). This is tbe 
snlallest owl in the Eastern and l\Iiddle States, bcing but eight inches 
long. Its cry is said to resemble the filing or whetting of the tceth 
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of a saw, so that the traveler hearing it in the ,,,"oods thinks he hears 
the man at the saw-n1Ïll sharpening the saw. It is also said that its 
notes resemble those of the little screech-owl of Europe, which would 
:5eem to be indicated in the parono'lnasia, or alliteration of the an- 
cient poet: 


" Est iBis strigibu8 nomen; sed nominis hujus 
Oausa quod l10rrenda stridere nocte solent." 
(" The 8creakers they are called; the reason's found- 
They make night hideous with their 8c1 o eaking sound,") 


Nor is it all screaldng ,vith the sa\v-whet, for Audubon tells of an- 
other note, which is musical, and like the tinkling of a bell. Weight 
for weight, the robin would l)robably outdo our little 
cadian owl. 
Nor is it only wee and winsolne, it seems to be gentle also. Cones 
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FIG. 7.-THE TAWNY OWL OF EUROPE (Syrniurn aluco). 


records the interesting fact of one being found occupying peaceably, 
with a chickaree-squirrel, the same hole in an oak. 
Approaching the W estern s
aboard, we :find, under the genus 
Glaucidium, two diminutive owls, the sparrow-pygmy and the rusty 
pygmy-o,vl. These birds are not so large as the thrush. 
4. The Atlleninæ, or bird-owls. Here is found that oddly-hird- 
1ike owl, standing so un-owIlshly high on its naked legs, the burrow... 
ing o,vl (Athene cunicularia, Bonap.), or Speotyto cunicularia, val', 
Hypogæa of Coues (Fig. 8). Very much nonsense has been \vrittell 
of this bird. It is said to dwell in amity with the rattlesnake and 
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prairie-dog, which generously shares its hole with bird and snake. The 
American burro"wing owl is essentially a prairie-bird. It occupies, no 
doubt of choice, the deserted burrows of the Oynornys Ludovicianus 
(Baird). But if alarmed, as it \vould be by the presence of man, it 'would 
betake itself to the nearest hole for a refuge. In other lands the bur- 
rowing owl has no prairie-dogs to take advantage of, and in these 
places the owls burrow for themselves. They are diurnal prowlers, 
feeding chiefly on grasshoppers, crickets, and field-mice, and not im- 
probably an occasional prairie-dog puppy. One species lives entirely 
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FIG. 8.-THE AMERICAN BURROWING OWL (Alkene cunicularia). 


west of the Mississippi, on both sides of the Rocky lUountains. India 
has a number of species, which do their own burrow-making, and are 
an incessantly noisy crew. 
'Ve cannot pass by that little marvel, the Liliputian of them all, 
named Whitney's o\vl (.1.1Iicratltene Wldtneyi, Coues). It was discov- 
ered by Dr. Cooper at Fort l\lojave in 1860. This o\vl is an arboreal 
bird. It is partly diurnal in habit, and feeds on insects. The little 
thing is hardly as large" as the average sparrow. 
5. The Nycteininæ, or day-owls. This small group bas but two 
genera, wjth one species in e
ch. But here occurs the very ])and- 
somest Rpecies of the American owls. Fig
 9 shows that splendid 
bird known as the snow'y owl, the arctic o\\Tl (Nyctea nivea, Gray). It 
has been found ,vith a length of" twenty-seven inches. Some adults 
are nearly all ",-hite-hence, as a show-b'ird, it is a" favorite. "T e saw 
not long since 3. fine nlounted specÍInen in a N e"r Jersey tavern. 
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" Wbat a splendid bird! " ,vas our remark to an individual ,vbo prac- 
tised at the bar. " Yes, fine enough when stuffed. But, you see, we 
had to do it, he got so nasty." '\Ve observed that the plumage did 
not indicate it. The man replied, quickly: "Ob, there ,vas no rum- 
InaO'e in llÏm. 'Ve kept him tethered. All the rats and mice we 
.ö 
ketched was given him-and the way he'd chuck 'em in ,vasn't slow 1 
But, as I said, he got so nasty." 'Ve asked for an explanation. 
" \VelI, you see, be got so nasty that, just as lief as not, be'd put his 
talents right into your hand when you was a-feeding him. You see:t 
the bird got so nasty that he was mean." We replied that it ,vas the 
first instance of tbat kind of misdirected" talents" that we had ever 
heard of, and we agreed with him that it wasn't nice at all. "Nice? 
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FIG. D,-THE SNOWY OWL (Nycúa nivea). 


Not much!" he rejoined. " As I said, the bird got too nasty, so ,vc 
killed him, and had him stuffed." lIe told me the bird was caught in 
Warren County, and that they used to be plentiful a good many years 
ago. 
Probably, November, 1876, will go down in ornithological history 
as the tÍ1ne of the 'famous southward raid of the snowy owls. Clad 
as they are to resist the arctic cold, and such excellent' hunters- 
whether by day or by night-it would seem that want of food must 
have started these birds on their jour
ey. Could the severe arctic 
,vinter, so disastrous to Captain N are's expedition, have made this 
scarcity? It 'was during a pleasant autumn that these birds canle 
upon us. There must have been so
c sixty shot in my own vicinity. 
A string of thirteen hung: hy a store in New York; there ,vere n1any 
in the markets. One taxidermist in this city, it is said, had sixty left 
with him to be stuffed. Another in PJ1Ï]ade]phia had about as many. 
As early as September flocks of ten to fifteen were seen in different 
places in }Iassachusetts. A nun1 ber were shot in t.he city of Boston, 
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and others were seen perched on the churches and house-tops. }1"or 
several days they "rere COlllmon in the city and vicinity of Portland, 

Iaine, ,vherc not less than one hundred and fifty .were shot. ..A 
worthy farnlCr neiti- my home ,va8 taking his family to cburc}J. A 
snowy owl sat on a fence by the road, caring nothing for the p
ssing 
wagon. The good man fretted," If it wasn't Sunday, I'd bag tbat 
chap!" Probably the fellow in Washington Territory was less con- 
scientious, for he filled two barrels ,vith the
e noble birds! Almost 
everywhere the village taxidermists in the Eastern and 
fiddle States 
had a harvest of employment. Says Ruthven :Qeane: "ltlany of the 
specimens were in exceedingly poor condition. Of some two hundred 
examined by me, nearly all were in very dark plumage, and none 
,vore that almost spotless dress which we occasionally see." 
One of these was brought by a pupil to my lecture-room in N 0- 
vember. It was a fine feHow, but was badly hurt by the shot. It 
was given in charge of a young friend, who, as bird-artist, knew the 
worth of his prize. He kept it in his room, which served for studio 
and sleep. The bird bad the freedom of the room, and became quite 
gentle, permitting itself to be fondled. One night it persisted in get- 
ting on its master's bed. This the jealousy of the hunting-dog could 
not stand, and every tilue the bird flew on the bed the dog jumped on 
and fought it oft: At last the young man told tl)e dog to keep quiet, 
when the bird came again, and, squatting by the side of it
 owner, 
kept still for the whole night. It was a great feeder. A weasel 
which the youth had mflant to Jnount was stolen and devoured by tbe 
bird. Muskrats, rabbits, and birds, all went the same way; and to 
see him dine was a droll sight. He would open wide his great brassy 
optic
, then in
ert his beak into his prey, then, shutting his eyes 
excruciatingly tight, wouh1 lift his head high, and gulp down ".hat- 
ever he had detached-all of wbich would be executed in the most 
grotesque batrachian style: for, who ever saw a frog swallow an insect 
but that he went it blind? Occasionally it was let out upon the 
snow. This was indeed a luxury, it was so like home; and the bird 
would swallow the snow in mouthfuls. A fine owl is this arctic bird! 
It will smite ducks and grouse on the wing, like a falcon; wilI swoop 
upon a hare on the ground, and dart at a fish in the shallo,vs; and 
it does most of its hunting by day. 
In this group occurs also that truly fine bird, the Canada or ])3wk 
owl, which is some sixtflen inches long. It is oftcn callcd, from its 
diurnal habit, the day-owl; for, tl)ough an owl, no o,v]er is he. llis 
work is done up clean by daylight, and it is- extremely rare to hear 
of his being abroad at night. Looking now at Fig. 10, tI)e Canada 
owl (Surnia 'Ulula, Bonap.), how easily, upon a casual glance, might 
one lnistake it for a }}awk! LikE'> some of the falcons, it 'will watch 
from the top of a tree, and win s,voop tlJence upon its prey. It is 
also arboreal in its nesting, and, with its mate, is splendidly <,onrn- 
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eous ,vhen the safety of person, or home, or young, is in danger. 
There is not much of the owlish face in our Surnia. The facial disk, 
so prominent an owlish trait, is by no means marked. Still, for all his 
looks and ways, this same Surnia is a true o'wl. To an unusual degree 
for his falnily, he is trim, compact, and graceful. Its favorite home is 
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FIG.. to.-THE HAWK-OWL (Sw'nia ulula). 


in the arctic regions, 'where" it feeds chiefly on the field-mice (Arb.J- 
culæ) which s\varm in the sphagnous vegetation of those boreal 
lands; also upon small biràs, grasshoppers, and other insects." In 
severe winters it conles south\vard, eyen to the l\Iiddle States. 
The old pbilosophers said Nature abhorred a vacuum., Does it 
not appear from our o'wlish résumé that N atnre bas an aversion to the 
abrupt and disconnected? Is it not noticeable that, ho\vever natural 
any two great related groups of animal forms may be, they are not 
separated by sbarp and wholly distinctive lines? There is a shading 
at the edges into each other. In Biblical speech, the progress of 
the Divine scheme is literally 
'little by little," and the lo\ver group 
gives of the higher one, DS Bishop IIorseley in a different connection 
has said," elegant adunlbrations of sacred truth." Only ,vhen the 
extremes of the groups are set in contrast will tbe family differences 
l)est appear. Let one but look a harn-o\vl and a bald-eagle full in 
the face of élCh, and ho,v clear their differentiation! But these are 
the typical representatives here brought face to face. Suppose we look 
a moment at Fig. 11, of the marsb-hawk, or harrier (Circus cyaneus, 
Linn.), and then recnr to Fig. 10, of the day-owl, or Surnia. Now 
the differentiation almost fades away. IIo\y very like they are! Rut 
Surnia belongs to a more lowly tribe than does CÙ.cus. The marsh- 
hawk is an unmistakable falcon, and the other is assuredly an owl. 
But as respects this harrier, howc\?er clear as a whole the title to his 
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rank may be, there is 3. strange mix-up in the chirography of the 
instrument. As to ,,
ings and tail and beak and talons, he Learq 
the insignia of a grand connection. It needs an expert to read the 
document, which, if it shows relation to a noble stock, show"
 also that 
Sir Harrier has very ignoble ,vays. IEs v(1ry mode of hunting is 3. 
disgrace to the name of falcon. He will course lo,v in air like a base- 
born buzzard, and ,vill dog about a small area like a bound after a 
rabbit, backward and forward, round and round, crossing and recross- 
ing his course, literally scouring a patch of s11rub or bush, or perhaps 
tall reeds or dank tneadow, and harrowing the poor occupant so vult- 
ure-like, and so utterly unlike the de
i8iveness of action and brilliancy 
of dash of the genuine falcon that, with the ,vhir of a rifle-shot, swoops 
frOIn its observatory in the sky. Not one of these royal points can 
the marsh-hawk claim. He harries or worries his victim, and so 
comes honestly by his unenviable name. Although, as a high author- 
ity declares, "he is no ,"veakling nor coward," yet he is for his be- 
longings a mean, bullying fellow'. Let us watch him from this tree. 
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FIG. 1l.-1I'CARSH-HAWK, OR HARRIER (Circus cyaneus). 


lie is harrowing a meadow-hen with her young. He has been at this 
worriment full fifteen minutes. N o,v be makes a pounce for one of 
the little ones. But the mother-bird proves herself a heroine on tIle 
spur, and puts him to a mean retreat. And then ,vhat hawk but he, 
sloven that he is, would nest upon t.he ground so vulture-like? There 
is also a tendency to :fluffiness in his plumag
, and a cattish noiseless- 
ness in his moyements, and his queer phiz has a little of the o,vlish 
cast. 'Vell, there is no use in denying it, it is true of him, and all 
these harriers, as Dr. Cones observes, " They look like owls, behave 
like buzzards, and nest like vultures." lIenee," the marsh-hawk com- 
Lines, in a notable degree, the characters of several raptorial types, 
heing, in particular, a link bet"
cen ha ,vks and ow Is." 
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Hut ,ve have not touched bottom; and maybe these are some of Ilia 
ways ,vhich are past finding 
ut. So, having reached the deep waters, 
,ve will take that preacher's exordium to his knotty text, and l'nake it 
the peroration of our discourse: "Brethren, tllere is migbty deep 
Scripture here! " 


-+..-- 


INITIATORY FORCES. 


By GEORGE ILES. 


L AST September, when the operations for the removal of the ob- 
structions at Hell-Gate, in the hàrbor of N ew York, had culn1Ï- 
nated in the completion of the great labyrin.th of tunnels, and tbe 
storing therein of a larger quantity of explosives than had ever been 
used at once before, General Newton, the chief-engineer, at the ap- 
pointed moment told his little child to gently push a telegraph-key. 
She did so; her tiny impulse closed the circuit in" many hundred gal- 
vanic cells; and these, by inflaming tbe metallic wires in contact with 
the explosives, freed in an instant the tremendous power which bad 
been slumbe,'ing under the peaceful waters. 
Perhaps in the whole realm of human achievement no more striking 
example of an initiatory force bas ever been given than this. And if 
it had not had an appearance of trifling, it would doubtless have been 
quite po
sible for luatters to have been so arranged that a fly impris- 
oned in an inverted wineglàss could by the vibration of its little wings 
have brought hvo delicate electric conductors into contact
say t,vo 
ß10istened silken filaments-and have thus pulled the trigger which, 
in the course of its effects, would have made I-leU-Gate navigable. 
In Nature and art ,ve find abundant examples of the san1C kind: 
gigantic forces, perfectly quiescent and even useless, until some slight 
additional force of the proper kind or intensity precipitates the most 
violent changes. And this nec.essity for an outside initiatory force is 
generally found with great power to maintain action once beguIle 
Carbon, and fuels of all kinds, ar(1 instances in point. As à rule, they 
are but little altered by contact with the atmosphere, even for years; 
but a match has only to bc applied to a fe\v shavings, and a mine of 
coal may be set on fire so thoroughly that it continues burning for 
half a century. A prairie or forest may be dried up by drought until 
leaves and twigs are hrittle and dead, but all is cahu until a chance 
spark from a locomotive or a tobacco-pipc starts a fire that may de- 
vastate square leagues of territory in its course. 
In all cases of unstable equilibrium-and such abound in Nature- 
a very sma]] 
mpetus may produce great consequences; and this not 
only in amount but direction. With an avalanche perched on a n10UI1- 
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tain-peak, it has often been a very slight force that has d<.:tennilJed 
the path it has taken, and "Thich of two villages miles apart ,vas to 
be derlloJished by it. The fire-alarm system in our citie::; uses elec- 
tricity as an initiatory motion: the hammers of the to"'er-Lell
 are 
,,'orked by the descent of heavy weights-wound up by manual power 
from time to time-and the ,t5tore of energy contained in the elevated 
n1atsSeS is instantly made available by an electric current from the 
central office simply freeing a detent and allowing the ,,-eight to fall. 
1\lal1Y other recent inventions for working l'ailway-signals, looms, etc., 
embody this principle. The magneto-electric machines, which are ex- 
tensively employed in lighthouses and 
lectro-plating factories, yield 
electricity from the mechanical motion of a steam-engine. A small 
permanent steel magnet is indispensable in the apparatus; it induces 
magnetism in soft-iron cores, and these again in others in an increas- 
ing series. The power may be gigantic, aud the magnet, were it not 
inconvenient, might be as small as a cambric needle: yet ,vithout it 
neither electricity nor light can be had. A sim
lal' illustration occnrs 
in the development of a current in a common galvanic battery: the 
two pieces of different metals used, as zinc and copper, when quite 
dry before being })laced in the bath, if simply brought into contact 
for a moment show opposite electric polarities ,,-hich, if given a n1e- 
chanical expression, would be a very small amount indeed. This mi- 
nute force, only to be detected by the most delicate means, is th{\ 
necessary opening of the flood-gate of energy in a ,,-orking battery. 
And when light is desired from a group of powel'ful cells, it is first 
requisite t
 use a small effort in bringing the poles together, and then 
separating them at a short distance apart. The brilliant arc of ligl1t, 
once across the chasm, can continue to span it; but its force, although 
so great, is unequal to leaping over it \vithout help. These exanlples 
show the importance of knowing the fit initiatory forces in procef'
es 
whereby one form of energy is sought to be converted into another. 
It is probably for lack of such knowledge that at present ,ve ,vast.e so 
lamentable a quantity of heat, our commonest force, in changing it 
into the more desirable form of electricity, light, and mechanical mo- 
tion. In exceptionally favorable circumstances, steam-engines of thl-" 
best kind give but a fourth in work of the theoretical value of t.he 
beat applied, and in obtaining an electric current from an engine fur- 
ther loss occurs; while the production in a thermo-battery of a cur- 
rent from heat directly has never yet yielded as much as one-hundredth 
of the force em ployed. 
A slight and welJ-aimed effort may not only free an immen
e mag- 
azine of energy, but also give it a particular direction and pilot it into 
one or anot.her of t,vo entirely new seas. IIydrogen and oxygen gases 
in separate receivers might rèmain tranquil and unchanged for ages, 
and it depends upon the choice of the exp
rimenter, when he wishes 
to render their energy available, whether their intense chemical force 
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shall take the form of heat or give forth an electric current. In the 
forJuer case he shall connect the receivers together by suitable tubes, 
apply a spark, and obtain a flame hot enough to fpse and vaporize 
iron or platinum. In the other case be can use Grove's gas-battery, 
and permit tbe elements to unite into water, producing an intense 
electric current capable of ,vorking scores of miles of telegraph. The 
realm of light yields us examples analogous to those given in the do- 
mains of heat and electricity. In photography it has been discovered 
that blue rays may begin an impression which re
 or yellow ones can 
finish, and finish only. The power of continuance is different from 
the power of initiation, and depends upon it for its opportunity of use- 
fulness. 
The instability of equilibrium among forces brings in an element 
of uncertainty, or rather i.ncalculability, which renders prediction ex- 
tremely difficult in many fields of scientific investigation. Prof. Bal- 
four Stewart, in a most instructive essay on " Solar Physics," gives us 
some illustrations of this. He supposes a stratum of air in the earth's 
atmosphere to be very nearly saturated with aqueous vapor; that is 
to say, just a little above the dew-point; ,vhile at the same time it is 
losing heat with extreme slowness, so that if left to itself it ,vouId be 
a long time before moisture ,vere deposited. N o,v, such a stratum is 
in an extremely delicate state of molecular equilibrium, and the drop- 
ping into it of a small crystal of snow would at once cause a remark- 
able change of state. For what would bappen? The snow would cool 
the air around it, and th us moisture would be deposited in the form 
of fine mist or dew. Now, this deposited mist or dew, being a liquid, 
and as such much more radiant than vapor, would send.. its heat into 
empty space much more rapidly than the saturated air; and therefore 
it ,vould become colder than the air ar()und it. Th us, more air ,vould 
be cooled, and more mist or dew deposited; and so on until a com- 
plete change of condition should be brought about, resulting perhaps 
in a shower of rain. Now, in this imaginary case, the tiniest possible 
flake of snow has pulled the trigger, as it were, and made the gun go 
off-has changed c01l1pletely the whole arrangement that might have 
gone on for some time longer as it ,vas, had it not be
n for the ad vent 
of the t5now-flake. .Prof. Stewart thus points out that the presence of 
a condensable liquid in our atmosphere adds an element of violence, 
and al
o of abruptness, amounting to 
ncalculability, to the motions 
,vhich take place. I-Ience meteorology must long, if not ever, remain 
an incomplete science, bince in its problems so many yariable and un- 
stable factors occur. In the course of the same essay Prof. Ste\vart 
tells us how parallelism has been observed bet\veen three very inter- 
esting classes. of phenomena, namely, the periods of maxinuun sun- 
spots, of brilliant auroral displays, and of great distur1)ances in the 
earth's magnetism. Extended observatory records sho\v tl1at all three 
coincide in their fluctuations; hence endeavors have been made to 
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trace them to a common source. Observations at Kew for a series of 
years have detected that the proximity of 
lercury and Venus to the 
sun seenlS to control the size and direction of the solar f'pots; and 
therefore it appears that these planets mediately thr-ough the sun cause 
our auroras and nlaguetic stornlS. There is also rea::;on to believe 
that the production of sun-spots diminishes by absorption the actiniC' 
rays, ,vhile the thermal ones are not noticeably affected; for to tbe 
actinic rays the chemical or ripening ,effect is due. Years of ruininluDl 
sun-spots have been found to coincide very nearly ,vith the good wine- 
years in Germany. At first sight ,ve are startled by the supposi- 
tion that a planet like Venus, which comes 11earer to the earth than 
it ever dces to the sun, sbould in any way be accountable for such 
enornlOUS manifestations of energy as those which occur over tlJe 
sun's surface. But the wonder will disappear if we bear in mind that 
there nlay be two kinds of causes or antecedents. Thus, we say that 
the blacksn1Íth is the cause of tbe blo\v which his hamnler strikes the 
anvil, and here the strength of the blow depends upon the strength 
of the smith. But we may likewise say that the man wbo pulls the 
trigger of a gun or cannon is the cause of the motion of the ball, and 
here there is no relation between the strength of the effèct and tbat 
of its cause. Now, in whatever nlysterious way Venus and .àIercury 
affect the sun, ,ve may be sure It is not after the fashion of the black- 
smith: they do not deal him a violent blow producing all this enor- 
mous effect, but they rather pull the trigger, and inlmediately a very 
great change takes place. And, in passing, we are here taught how 
involved 
he relations of the parts of the universe may be. Two 
planets whose direct influence on the earth by their gravitation and 
light is quite inconsiderable, yet, by their indirect effècts through their 
action on the sun, produce very marked and varied results on the sur- 
face of our globe. J\;Iany laboratory experiments, on a small scale, 
illustrate the potency of initiatory forces. A pail of ,vater, main- 
tained in great stillness, may be gradually chilled several degrees be- 
low the common freezing-point, ,vhen the formation of a cake of ice 
instantly follows from a slight shake. A ('lean glass vessel may be 
filled with ,vater and slo,,
ly brought to a telnperature in excess of 
the ordinary boiling-point, and a feeble shock is all tbat is needed for 
the prompt liberation of a large vohllne of steanl. Crystallization 
offers simi1
r results. A supersaturated solution of a salt may long 
remain in the liquid state until a crystal1ine fragnlent thrown in in- 
stantly serves as a nucleus for extensive solidificatioll. 'Yhen such a 
solution contains two saIts, which begin to crystallize about the sanle 
temperature, \vhen a solid fragulent of each kind is thrown into the 
liquid, it picks out its kindred ,vithout the s1ightest error, and grows 
thereby. A nc\v BUlgical method for covering a wqund with skin em- 
ploys as centres of growth tiny morsels of skin supplied from else- 
where. These gather together el(>ments akin to themselves, and SOOD 
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repair the injury, otherwise very slow at healing. In some sin1Ílar 
\vay it must be that a small seed of a plant selects just such ingredi- 
ents from the soil as shall make it thrive and increase. On these or- 
ganic powers of initiation and selection, Lucretius ponders in his great 
poenl, and "ronders how it is that different animals-the pig, dog, and 
fowl-eat the same food and yet .make of it such diverse substance. 
On a seed's peculiar nature it may follow whether a field shall give 
its substance to maples 01' cabbages. Just so a yolcanic island's pop- 
ulation depends, to a large extent, on the first comer8-on what human 
tribe first lands there, what seeds and insects are first wafted upon it, 
and what birds first alight on its shores. Once in possession, t1Je pro- 
cess of multiplication soon renders occupancy by stray creatures of 
superior kinds impossible; and so we have incidentally a case where 
the best may not be the conquerors and survivors. :lUere precedence 
in time is often of much account. No man shall ever have as many 
children as ....J\.dam. The first poets exhausted the most striking and 
beautiful similes in Nature, such as now may independently but use- 
lessly occur to every cultured imagination. The limits of choice in 
the subjects for invention, authorship, and art, are constantly nar- 
rowed by the occupation of territory by those who have gone before. 
Of course, infinite additions to knowledge and achievement are pos- 
sible, but many efforts suggested by the wants of the time, though 
quite original, are fruitless sin1ply because they do not happen to be 
first. 
\Vith respect to the great effectiveness of force, .when used largely 
or totally in initiation, Prof. Stewart thinks that intelligencc depends 
on conditions in the organistn of unstable equilibriuDl, and he draws 
a parallel between the great powers of a human mind and the marked 
decomposibility of its b
'ain-substance. The particular suprénlacy of 
man in Nature is thus traced to a principle which highly characterizes 
his own frame, and of which he avails himself in his nlastery of ex- 
ternal Nature-delicacy of poise in construction rendering large pow- 
ers obedient to slight ones. 
Our subject further suggests the importance of leadershi p an10ng 
mankind. Heroes have been so unduly Inaised that a reaction has 
set in with lllany thinkers, who ,,,ould detract from their real value. 
Popular discontent, or a wide-spread spirit of enterprise, often lingers 
in useless agitation for want of some man a little bolder than the rest, 
who shaH make the first onslaught on' tyranny, or captain the first 
ship that shall set its pro,v toward the shores of a new world. To be 
8ure, a hero is no more than a representative of the strong feelings of 
his land and time; yet, without his faith and enthusiasm, perhaps but 
little more than that of many of his neighbors, their desires and hopeB 
might never have fulfillment. 
Final1y, our theme shows us the imlnense difficulties in the way of 
reducing some inquiries of deep interest to exact treatment. If the 
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problems of meteorology arc of baming intricacy, how much lllore so 
are those of history, with their elelllents of ignoralice, of pas
ion, and 
caprice-all controlling forces vastly greater than themselves! 'Ve 
have recently seen a fc,v votes among hundreds decide the adminis- 
tration of the republic for years; and, within a decade, have ùeheld a 
single generars tiluidity or treachery betray a noble firlny into the 
enemy's }U11HIs, involving wide-spread ruin and deep national di
grace. 
And ho\v often are our o\vn illdividuallives utterly changeù in pllr- 
pose by a mere word, a snÜle, or a tear! 


... 


ltIESMERISM, ODYLIS
I, TABLE-TURXIKG. AKD 
SPIRITU ALISl\L 


By WILLIAM B. CARPENTER, C. B., M. D., .LL. D., F. R. S. 


II. 
I T was asserted, about thirty years ago, by Baron von Reichen- 
bach, whose researches on the chemistry of the hydrocarbons con- 
stitute the foundation of our present knowledge of paraffin and its 
allied products of the distillation of coal, that he had found certain 
" sensitive" suhjects so peculiarly affected by the neigIJ borhood of 
màgnets or crystals as to justify the assumption of a special polar 
force, whièh he terlueù Odyle, allied to, but not identical ,vith, mag- 
netism; present in all material substances, though generally in a less 
degree than in magnets and crystals; hut called into energetic ac- 
tivity by any kind of physical or chen1Ïcal change, and therefore 
espec1.ally aùundant in the human body. Of the existence of this 
odylic force, which he identified with tlJe "aninlal magnetism" of 
J\lesmer, lie found what he maintained to be adequate evidence in the 
peculiar sensations and attractions experienced by his "sensitives" 
"."hen in the neighborhood either of n1agnets or crystals, or of human 
beings specially charged ,vith it. After a magnet had bcen repeat- 
edly drawn .along the arnl of one of these subjects, she would feel a 
pricking, streaming, or shooting sensation; she ',"ouId snlell odors 
proceeding from it; or she ,vould f:ce a sn1::t11 volcano of flame issuing 
from its poles \\Then gazing at then1, even in broad daylight. As in 
the magnetic sleep light is often seen l)y the son1nambulc to issue 
from the operator's fingers, so the odylic light was discerned in the 
dark by Von Reichenbach's "sensitives," issuing not only from the 
hands, but from the head, eye
, and mouth, of powerful generators of 
this force. One individual in particular 'was so peculi:Jrly seIlsitive, 
that she saw (in the dark) sparks and flames issuIng froIl1 ordinary 
nails and hooks in a wall. It was further affirnled tbat certain of 
VOL.. XL-II 



162 THE POPULAR SCIE.l..VCE .J.lIO.l..VTHLY. 


these" sensiti ves" found their bands so powerfully attracted by mag- 
nets or crystals as to be irresistibly dra,vn toward them; and thus 
that if the attracting object were forcibly dra,vn away, not only the 
hand, but the whole body of the "sensitive" was dragged after it. 
Another set of facts ,vas adduced to In"ove the special relation of 
odyle to terrestrial magnetisnl-namely, that many "
ellsitives" 
cannot sleep ill beds "rhich lie across the magnetic llleridian; a posi- 
tion at right angles to it being to some quite intolerable. 
,r on Reichenbach's t10ctrine came before the British public under 
the authority of thc late Dr. Gregory, the Professor of Chen1Ïstry in 
the University of Edinburgh; who went so far as to affirIn that, "by 
a laborious and beautiful investigation, Reichenbach had demon- 
strated the existence of a force, influence, or imponderablc fluid- 
,vhatever name be given to it-which is distinct from all the known 
forces, influences, or iU1Ponderable fluids, su
h as heat, light, elec- 
tricity, nlagnetism, and from the attractions, such as gravitation, or 
chemical attraction." It at once becmne apparent, ho,vever, to expe- 
rienced physicians conversant with the proteiform manifestations of 
tha.t excitable, nervous temperament, of ,vhich I have already had to 
speak, that all these sensations 'vere of the kind which the physiolo- 
gist terrns "subjective;" the state of the sensorium on which they 
immediately depend being the resultant, not of physical impressions 
Inade by external agencies upon the organs of sense, but of cerebral 
changes connected ,vith the ideas with which the Ininds of the" sensi- 
tives" had come to be "possesse(1." The very fact that no manifes- 
tation of the supposed force could be obtained except through a con- 
scious human organism should have been quite sufficient to suggest 
to any philosophic investigator that he had to do not ,vith a ne,v 
physical force, but ,vith a peculiar phase of physical :lctian, by no 
nleans nntanliliar to those who had previously studied th
 influence 
of the mind upon the body. .l\.nd. the fact which Von Reichenbach 
himse]f was honest enough to adn1Ït-tllat wllen a magnet was poised 
in a delicate ba]ance, and the hand of a " sensitive" .was placed above 
or beneath it, the lllagnet was never drawn to,vard tllc hand-ought 
to have convinced him that the force which attra_cted the "sensi- 
tive's" hand to the magnet has nothing in common with physical 
attractions, \vhose action is invariably reciprocal 7 - but that,it was the 
product of her own conviction that sh
 must thus approxÏInate it. So 
" possessed" ,vas he, however, by his pseudo-scientific conception, 
that the true significance of this fact entirely escaped llÏln; and 
although he considered that he had taken adequate precautions to 
exclude the conveyance of any suggestion of which his "f;('nsitives" 
should be conscious, be ne'ver tried the one test which ,,"ould have 
been the eæperinwntun
 crucis in regard to all the supposed influences 
of magnets-that of using elect1.o-fJZarrnets, which could ùe "n1ade" 
and "unmade" by completing or breaking the electric circuit, with- 
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out any iuJication l)(
ing given. to the "
ensitive" of this change of 
its conùitions. l\nd the same remark applies to the more recent 
statement of Lord Lindsay, as to 1\1r. IIome's recognition of the po
i. 
tion of a permanent magnet in a totally-darkened room; the value of 
this solitary fact, for ,vhich there are plenty of ,vays of accounting, 
never having been tested by the use of an electro-magnet, whose 
active or passive condition should be entirely unkno,,'n, not only to 
1\1r. 1Ioll1C but to every person present. 
That "sen
itives" like V on Reichenbach's, in so far as they are 
not intentional Jeceivers (\vhich lnany hysterical subjects are consti. 
tutionally prone to be), can feel, see, or slllen, anything that they \\ye're 
led to believe that they 'Would feel, see, or smeH, was SOOI1 })roved by 
the experimental inquiries of 1\11". Braid, nfany of "hich I Inyself wit- 
nessed. He fountl that not only in hysterical girls, but in nlany men 
and women" of a highly-concentrative and in1aginative turn of mind," 
though otherwise in ordinary health, it was sufficiEnt to fix the atten- 
tion on any particular form of expectancy-such as pricking, strean1- 
ing, heat, cold, or other feelings, in any part of the body over which 
a magnet ,vas being dra\vn; luminous emanations from tbe pol(1s of a 
Inagnet iu the dark, in some cases even in full daylight; or the attrac- 
tion of a magnet or crystal held \vithin reach of the hand-for that 
expectancy to he fully realized. And, conversely, the same sensations 
were equally produced ,vben the subjects of them ,vere led to believe 
that the sallIe agency was being mnployed, although nothing .what- 
ever was really done; the saIne flames being seen when tIle magnet 
was concealed by shutting it in a box, or even when it was carried 
out of the room, without the knowledge of the subject; and the 
attraction of the magnet for the band being entirely governed by the 
idea previously suggested, positive or negative results being thus 
obtained \vith either pole, as 1\11'. Braid lnight direct. " I know," he 
says of one of his subjects, "that this lady was incapable of trying to 
deceive Inyself or others present; but she ,vas self-deceived alld spell- 
bound by the predon1Ïnance of a preconceived iL1ea, and \"as not less 
surprised at the varying po\vers of the instrument than "'"ere others 
.who ,vitnessed the results." 1 
One of ßlr. Braid's best" subjects" was a gentleman residing in 
)1ancheste.', well know"!1 for ilis high intel1ectual culture, great general 
ability, and strict probity. lIe hall such a remarkahle power of vol- 
untary abstraction 
s to 'be able at any time to induce in hhnsclf a 
state akin to profound reverie (corresponding to what has been since 
most inappropriately called the" biological "), in which he becan1e so 
completely" possessed" by any idea strongly enfol"cea upon him, 
that his whole state of feeling and action was dominated by it. Thus 
it ""as sufficient for hinl to place his lland upon the. tahle and fix his 
attention upon it for half a Ininute, to be entirely unable to 'withdraw 
1 "The Power of the Mind over the Body>" 1846, p, 20. 
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it, if assured in a determined tone tbat he could not do so. "....hen his 
gaze had been steadily directed for a short time to the poles of a mag- 
net, he co'uld be brought to see flames issuing from them of any form 
or color that 
lr. Braid chose to n
tlne. An<.l ,vhen desired to place 
his band upon one of the poles, and to fix his attention for a brief 
period upon it, the peremptory assurance that he could not detach it 
was sufficient to hold it there with such tenacity that I saw 1\11'. Braid 
drag hinl round the rOOln in a way that reminded me of George 
Cruikshank's anlusing illustration of the Gernlan .fairy-story of "The 
Golden Goose." The attraction was dissol ved by 1\11'. Braid's loud, 
cheery" All right, man," which brought the subject back to his nor- 
mal condition, as suddenly as the attraction of a powerful electro- 
magnet for a heavy mass öf iron ceases when the circuit is broken. 
Similar experiments to these (which I first witness
d about thirty 
years ago) bave been since repeated over and over again upon great 
numbers of persons, in whom a corresponding state can be induced 
by prolonged fixation of the vision on a small object held in tbe hand. 
It was in the year 1850 that a new 11lanifestation of the supposed 
" occult" power first attracted public attention, throngh the exhibi- 
tion of it by a couple of itinerant Anlericans, ,vho styled thelllselves 
"professors,'
 of a new art ,vhich they termed Electro-Biology / 
asserting that by an influence of which the secret was only known to 
thenlselves, hut which waR partly derived from a little disk of zinc or 
copper held in the hand of the "subject" and steadily gazed on by 
him, they con1cl subjugate the most determined ,vill, paralyze the 
strongest muscles, I>ervert the evidence of tl1e senses, destroy the 
memory of even the Inost familiar things or of the most recent occur- 
rences, induce obedience to any command, or make the individual 
believe himself transformed into anyone else; aU this, and much more, 
being done ,vhile he was still wide awake. They soon attracted large 
assemblages to witness thcir performances, anù seldom failed to elicit 
some of tbe most remarkable phenomena from entire strangers to 
them, \vhose honesty could not be reasonably called in question. In 
place of a fe"r peculiarly susceptible" subjects" not always to be 11let 
with, and open to suspicion on various grounds, those who took up 
this practice found in almost every circle some individuals in whom 
the "biological" state could be self-induced by the steady direction 
of their eyeR to O:le point., at the ordinary reading-distance, for a 
period usual1y varying fronl about five to twenty Ininutes; a l11uch 
shorter time gencrally sufficing in cases in which the practice had 
been frequently repeated. In this condition, the whole course of 
thought is directed by external suggestions, the subjcct's own control 
over it being altogether Susl)ended. Yet he differs from tl)e somnam- 
bulist, in being u1"ake,. that is, he has generally the use of all his 
senses, and usually, though not always, preserves a distinct reco]- 
!ßction of aU that has taken l)lace. There is, in fact, a gradational 
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transition from tbe "biological" to the "nlesrneric" state; just as 
there is a passnge from the state of prufound reverie or "day-dream- 
ing" to that of ordinary sleep. j-\.ll its strange phenomena are 
referable to one silnple principle-the possession -of the milld by a 
dÚ/ltÏnaut idea, f1'OI11 ,vhich, however aùsurd it may ùe, the subject 
cannot free hilllself by bringing it to the test of actual experience, 
because the snspension of his self-directiug power prevents }Üm from 
correcting his ideational state by comparing it ,yith extcrnal realities; 
this suspcnsion being often as conJplete as it is in dreaming, so that, 
though the senses are awake, they cannot ùe turned to account. But 
it Inay exist in regard to one sense only, the impressions made on 
others being truly represented to the mind. Thus I 11a ve scen in- 
stances in ,vhich a " biologized " sulJject could be Jl1ade to believe }linl- 
self to be tasting anything which the operator 111ight assure hin1 that 
he wOldd taste-such as milk, coffee, ,vinE', or porter-when drinking 
a glass of pnre water, though lIe was instantly disaùused by looking 
at the liq uill; while another would see n1Ï]k or ,coffee, 'wine or porter, 
as be wa
 directed, but would instantly set hilIlself right .wLen be 
tasted the liquid. Nothing can be more anlusing than to expcriment 
upon a suhject who has no misgivings of this kind, but whose percep- 
tions are altogether under the direction of the ideas impressed upon 
hin1. lIe lnay be made to exhibit all the manifestations of delight 
,yhich would be called forth hy the viands or liquors of which he may 
b
 nlost fond, and these 111ay be turned in a moment into expressions 
of the strongest disgust, by siu1ply giving the word ,yhich shaH 
(ideally) change it into something he detests. Or if, wben he believes 
hhuself to be drinking a cup of tea or coffee, be be made to belicvE' 
that it is very bot, nothing will induce hin1 to take more than a sip 
at a time; yet a moment afterward he ,vill be ready !o swallow the 
whole in gulps, if assured that the liquid is quite cool. Tell hiIn, 
again, that his scat is growing hot undel' him, and t]Jat he will not b
 
al)le to relnain long upon it, and he ,vill fidget uncasily for some time, 
and at last start up ,vith all the indications of having found the heat 
no longer bearable. While he is firmly grasping a fìtick in llÌs hand, 
lpt him he assured that it will burn him if he continue to hold it, or 
that it is hecoming so heavy that he can no longer sustain it, and 
he will presently drop it with gestures conforlnable in each case to 
the idca. 
It may, of ('ourse, be said tbat ,vhat I have }nesented to you as 
real phenomena. are only simulated; and as there would be Jlothing 
t1ifficnlt in such simulation, t.he supposition is of course adIni

ible. 
But thcyare so perfectly conformable to the known l)riuciples of 
)lenta1 action, that there is no justification for the suspicion of deceit, 
,vhen they are presented by persons ill whose good faith ,,-e have rea- 
sonable gronnd::; of confidence. For f>yery one nUlst be conscious of 
occasional n1Ïstakes as to what he supposes himself to llave seen 01' 
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beard, "hich he can trace to a previous expectancy. Of this. I can 
give you a very striking illustration in a case narrated by Dr. Tuke. 
A lady, whose mind Ilad been a good deal occupied on the subject 
of drinking-fountains, ,,
as walking from Penrhyn to Falnlouth, alld 
thought she sa\v in the road a newly-erected fountain, with the in- 
scription, "If allY man thirst, l
t him come bither and drink." Some 
time afterward, on mentioning the fact ,vith pleasure to the daughters 
of a gentlelnan ,,
hom she supposecl to have erected it, she ,vas greatly 
surprised to learn from theIn that no such drink
ng-fountain existed; 
and, on subs
quently repairing to the spot, she fonnd nothing but a 
few stones, which constituted the foundation on \vhich her expectant 
ima
ination had built an ideal superstructure. 
The san1e may be said ,vith regard to the control exercised over 
the muscular mov
ments of the biologized " subject," by the persua- 
sion that he must or that he cannot perform a ,particular action. IIis 
hands being placed in contact with onc anothc"r, he is assured that he 
cannot separate them, and they relnain .as if firJnly glued together, 
in spite of all llÏs apparent efforts to dr:nv thenI apart. Or, a hand 
being hela up before him, ]Ie is assured that he cannot succeed in 
striking it; and not only does aU his power secm inadequate to the 
perforIuance of this simple action, but it actual1y is so as long as he 
remains convinced of its entire impossibility. So I Ilave seen a strong 
man chained do,vn to his chair, prevented fronl stepping over a stick 
on the floor, or obliged to remain almost doubled npon himself in a 
stooping }}osition, by the assurance that he could not moYe. On the 
other hand, an extraorùinary po\ver may be called forth in any set of 
lTIuscles-as in hypnotized'subjects-by the assurance that the action 
to be performed by them may be executeil with the greatest facility. 
This, again, is quite conformable to ordinary experience; the assur- 
ance that ,ye can })erform some feat of strength or dexterity nerving 
us to the eftòrt; ,vhile our power is w'eakened by our own doubts of 
success, still nlore by the unfavorable impression produced IJY a con- 
fident prediction of failure. It is only needed for the mind to hecon1e 
con1pletely " possessed" by the one or the other conviction for it to 
produce the bodily r('sults of this kind ,yhich I bay_e over anc1 over 
again witnessed. 
Now tbe })benomena of the" biological " condition seem to me of 
peculiar significance, in relation to a large class of those ,vhich are 
claimed as manifestations of a supposed" spiritual" agency. "Then 
a number of persons of that "concentratiye and imaO'inative turn of 

 
mind" ,vhich predisposes thflm to the "biological" condition sit for 
a couple of hours (especially if in the dark) with the expectation of 
some extraordinary occurrence-such as the rising and floating in the 
air, either of the human body, or of {'hairs or tahles, 'without any 
physical agency; the crawHng of live lobsters over their persons; the 
contact of the hands, the sound of the voices, or the visible 'luminous 
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shapes/ of their departed friends-it is perfectly conformable to sci- 
entific probahility tbat they should pass 1110re or less cOlllplctely (like 
neichenbach's " sensitive:s ") into a state which is llcit)Jcr .wakiug 1101' 
sleepiug, but between the two, in which they see, hear, or feel, by 
touch, anything they have been led to expect ,vill prc
ellt itbelf. Jo.\lld 
the accordance of their testimony, in regard to such occurrences, is 
only such as is produced by the community of the dominant idea 
,vith which they arc all" possessec1,'
 a c01l1munity of ,vhiclJ history 
furnishes any amount of strangely-varied examples. And thus it 
becomes obvious that the testilllony of a single cool-headed skeptic, 
,,,ho asserts that nothing extraordinary has really occurred, should 
be accepted as 1110re trustworthy than that of any number of believ- 
erf
, who have, as it ,vere, created the sensorial result by their auticipa- 
tion of it. 
I have now' to show you that the like expectancy can also produce 
rnovements of various kinds, through the illstnullcntality of the 
nervo-Il1uscular apparatus, .without the least eons('iousncs
 on the part 
of its subject of bis being hhllself the instrument of their perform- 
ance; a physiological fact ,vllich is the key to the whole nlystery of 
table-turning and table-talking. I yery well remember thú prevalence 
in my school buy days of a belief that, when a ring, a button, or any 
other sman body, suspended by a string over the end of the finger, 
was brought near the outside or inside of a glass tumbler, it would 
s
rike the hour of the day against its surface; and the experiment 
certainly succeeded in the hands of several of my schoolfellows, ,,'ho 
tried it in all good faith, getting up in the middle of the night to test 
it, in entire ignorance, as they declared, of the real tinle. TInt, as 
was pointed out by 1\1. CLevrenl, w"ho investigated this sul)ject in a 
truly scientific spirit more than forty years ago,2 it is impossible by 
any voluntary effort to keep the hand absolutely still for a length of 
tin1e in the position required; an involuntary trelllulol1S11CSS is always 
observable in the suspended body, and if tlle attention be fixed on it 
,vith the expectation that its viùrations will take a (ll finite direction, 
they are very likely to do so. nut their persistence in that direction 
is found to ]ast only so long as they are guided by the sigllt of the 
operator, at once and entirely losing their con
tancy if he closes or 
turns away his eyef:. Thus it hecame ob
'ious that, in the striking 
of the hour the influence which detern1Ïnes the nUluber of strokes 
, 
is really the kno'wledge or suspicion present to the 'Jnind of the oper- 
ator, whieh involuntarily and unconsciously directs the action of his 
muscles; :.:t nd the same rationale ,vas applied by )1. Chcvl'eul to other 
cases in ,vhich this pcnclule eæplorate'll'r (the use of which can be traced 


1 I put aside the question of fraud, to which r('cöurse bas doubt1ess often be('n had 
for the production of these phenomena; being sati
fied tbat they are often genuinely 
" subjective." 
2 See his letters to 
L Ampère,. in the Revue deB Deux J[onclts, 
Iay, 1833, 
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back to a very remote date) has been appealed to for answers to ques- 
tions of very diverse character. 
\Vhen, however, "Odyle" came to the front, and the world of 
èurious but unscientific inquirers ,,-'-as again" possessed" by the idea 
of an unkno\\Tn and Inysterious agency, ca paùle of nlanifesting itself 
in an unlimited variety of ways, the pendule e;x1Jlorateur ,vas brought 
into vogue, under the name of odo1íwter, by Dr. Ilerbert l\layo,l who 
investigated its action .with a great show of scientific precision; start- 
ing, however ,vith the foregone cònc1usion that. its oscillations were 
directed by the hypothetical "odyle," and altogether ignoring the 
nlental participation of the operator, ,vhonl he supposed to Le as pas- 
sive as a thermometer .01' a balance. By a series of elaborate experi- 
ments, he con'Tiuced himself that the direction and extent of the 
oscillations could be altered, either by a change iu the nature of the 
substances placed beneath the" odometer," or by the contact of the 
hand of a person of the opposite sex, or even of the experimenter's 
other hand, ,vith that fronl \vhich it ,vas suspended. And l)e grad- 
ually reduced llis result to a series of definite laws, which he re- 
garde<1 a
 having the same constancy as those of physics or chemis- 
try. Unfortunately, however, other experimenters, ,,-.-ho worked out 
the inquiry with sin1ilarperseverance and good faith, arrived at such 
different results, that it soon came to be obvious that what astro- 
nomical ouservers call the "personal equation" of tbe indiyidual has 
a very large share in detern1ining them. A very intelligent J11edical 
friend of my own, then residing abroad, ,vrote Ine long letters full of 
the cletailed results of his own inquiries, on which he ,vas anxious for 
my opinion. 1\Iy reply was simply: "Shut your eyes, or turn tbem 
away, and let some one else \vatch the oscillations under the concli- 
tions you have specified, and recorc1 their results; you ',viH find, if I 
do not mistake, that they will then sbo\v an entire 
()ant of the con- 
stancy you bave hitherto observed." Ilis next letter informed me 
that such proved to be the case; so that he had COBle entirely to 
agree ,vith me as to the dependence of the previous unifornlity of his 
results on his own expectancy. 
A curious variation of the." oc101neter" 'was introduced by 1\11'. 
Rutter, the manager of the gas-,vorks at TIrighton, under the name 
of "magnetOTIleter," ,vhich ,,-'-as simply a gallows-shaped franle, 
nlounted on a solid base, having a mçtal1ic ball suspenc1ct1 from its 
free extremity. "\Vhen the finger 'was kept for a short time in contact 
,vith this fraIne, the ball hegan to oscillate, u8ually in some definite 
direction, changing that direction ,vith any chan.ge of circumstances, 
after the n1anner of Dr. l\Iayo'R "odonleter." To many persons, as 
to )11'. Rutter. himself, it ap.peared impossible that these oscillations 
could have their origin in any moyement of the operator; but evcry 
one who kno\vs ho,v difficult it is to prevent vibrations in the snp- 
I "The Truths contained in Popular Superstitions," 18:)1. 
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porting frame,vork of a microscope or telescope, and who recognizes 
tbat the construction of the" magnetometer" is exactly such as váll 
enable the smallest 
unount of iIllparted motion to produce the great- 
est sensible effect, will bp prepared to expect that the oscillations 
of the suspended ball are as uluch nlaintained and guided by the 
expectancy of the operator as they are ,,-hen it is hung directly from 
his own finger. Experiment soon proved this to l)e the ('[j
e: for it 
was found that tbe constancy of the vibrations entirely depended 
upon the operator's watching their direction, either by his own eyes 
or by those of some one else; and, further, tbat wl1en such a clutnge 
,vas made 
cithout his knowledge in the conditions of the experinlent, 
as ought, theoretically, to alter the direction of the oscil]ations, no 
such alteration took place. 
A very amusing eæposé of the mystery of the "magnetometer" 
resulted from its application by Dr. :ßIadden, an }lomæopathic phy- 
sician at Brighton, to test tbe virtues of his "globules," as to "which 
be bad, of course, some preformed conclusions of his own. The 
results of his first experiments entirely corresponded with his ideas of 
,vhat they ought to be; for ,vhen a globule of one medicine was tal
en 
into his disengaged band, the suspended ball oscillated longitudi- 
nally; and "yhen this globule ,\Tas changed for another of opposite 
virtues, the direction of the oscillations became transverse. Another 
hOlnæopathic physician, ho,vever, was going through a similar course 
of expcriments; and llÏs results, "Thile confonnable to his o,vn no- 
tions of the virtues of the globules, ,vere by no n;eans accordant with 
those of Dr. :ßladc1en. The latter "Tas thus led to reinvestigate the 
n1atter ,vith a precaution he 11ac1 omitted in the first instance; name- 
ly, that the globules should be placed in his hand by another person, 
,vithont any hint being given l1im of their nature. From the nlonlent 
he began to ,york upon this 1)lan, the ,vhole aspect of the subject ,vas 
changed; globules that produced longitudinal oscillations at one 
tinle gave transverse at another, while globules of the most opposite 
remedial virtues gave 110 sign of difference. ..:\.nd thus he was soon 
led to t11e conviction, which he avowed "rith a candor very creditable 
to him, that the systenl he hac1 built up had no better foundation 
than his own anticipation of "That the rcsults of each experiment 
should be; that anticipation expressing itself unconsciously in invol- 
untary and imperceptible moven1ents of his finger, ,vhich connl1uni- 
cated a rhythmical vibration to the frame"Tork "Thcn the oscillations 
of the ball suspended from it were "Tatchcd. 
Thus, by the investigations of scientific experts who "Tcre alivc to 
the sources of fallacy which the introc1uction of the lunoan clement 
always brings into play, the hypothesis of odylic force "Tas proved to 
be completely bascleF:s; the pheno1uena which we
'e suppo
ea to indi- 
cate its existence being traccal,le to the physiological conditions of 
the lnllnan organislns through whose instnlll1entality they ,vere mani- 
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fested. The principle that the state of "expectant attention" is 
capable of giving l'i:se either to sensations or to involuntary move- 
lllents, according to tIle nature of the expectancy, had been previously 
recognizeL1 in physiological science, and was not invented for the 
occasion; but the phenomena I have been describing to you are 
among its nlost " pregnant instances." 
The same principle furnishes what I believe to be the true scientific 
explanation of the supposed mystery of the divining-rod, often u
ec1 
,,?here ,,?ater is scarce for the -discovery of springs,. and in Inining-dis- 
stricts for the detection of metallic veins. This l'od is a forked twig 
shaped like the letter Y, hazel being usually preferred; and the diviner 
,valks over the ground to be explored, firnlly grasping its two })J'ongs 
with his hands, in such a position that its steIn points forward. 
After a time the end of the stem points downward, often, it is said, 
,vith a sort of writhing or struggling Illotion, especially when the 
fork is tightly gl'aspeù; and sometimes it even turns backward, so 3S 
to point to\vard instead of away fronl the body of the diviner. Now, 
there is a very large body of apparently reliable testimony, that 
",'hen the ground lIas been opened in situations thus indicated, either 
,vater-springs or metallic veins 11ave been found beneath; and it is 
quite cert :lin that the existence of such a po\ver is a matter of unques- 
tioning faith on the part of large nunlbers of intelligent persons who 
have witnessed what they belieyc to be its genuine manifestations. 1 
This suhject, however, ,vas carefully inquired into more than forty 
years ago by 
r
I. Chevrenl and Biot; and their experimental conclu- 
sions anticipated those to \vhich I was myself led in ignorance of thenl 
by physiological reasoning. They fonnd that the forked twig cannot 
be firmly grasped for a quarter of an Ilonr or nlore in the r
gulation 
position, without the induction of a state of 1111lScn]ar tension, ,,"'hich 
at last discharges itself in movement; and this acts on the prongs of 
the fork in sucb a manner as to cause its stenl to point, either upwarcl, 
downward, or to one side. The occasion of this dis{;harge and tIle 
direction of the I1lo,'e111ent are greatly influenced, like the oscillations 
of bodies suspelldec1 froln the finger, by expectancy on the part of the 
operator; so that if he has any suspicion or surmise as_ to the" where- 
abouts" of the object of his search, an involuntary and unconscious 
action of hi
 nluscles causes the point of the rod to dip over it. 
AgaÏlI, since not one indivi<1aal in f<?rty, in the locftlitics in "yhich 
the virtues of thc di,.ining-rod are still lìeld as an article of fait!l, is 
found to obtain any results froTn its use
 it becomes obviol1s that its 
movement8 nlust be due, not to any physical agency directly affecting 
the rod, but to sonIC influence exerted through its hold(\r. .oIlnd that 
this influence is his expectatiojl of the result may, I think, be pretty 
confidently affirmed. For it has been clearly 
hò'Yn, l)y careful and 
1 I have lately received a pamphlet from an engineer in the rnited States, giving 
most circumstantial details of success thus obtained" ithin his own experience. 
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rel)eated experiments, that, while the rod dips ,vhen the "diviner" 
knO\VB or believes he is over a ,vater-spring or a metallic vein, the 
results are uncertain, contradictory, or simply negative, when he i::; 
blindfolded, so as not to be aware precisely .where he is. The foUow- 
ing is a striking case of thi
 kind that has been lately brought to Iny 
knowledge: 


" A friend of mine," says Dr. Beard,l "an aged clergyman, of tllOrough in- 
tegrity and fairness, has for many years-the larger part of bis natural life, I 
believe-enjo,yed the reputation of being espe'cially skilled in the finding of 
places to dig wells, by means of a divining-rod of witcll-ha.zel, or the fresh 
branches of apple or other trees. His fame has spread far, and the accounts 
that are given by him and of him are, to those who think human testimony is 
worth anything, overwhelmingly convincing. He consented to allow me to ex- 
periment with him. I found that only a few moments were required to prove 
that his fancied gift was a delusion, and could be explained whoHy by uncon- 
scious muscular motion, the result of expectancy and coincidencc. In Lis own 
yard there was known to be a stream of water running through a small pipe a 
few feet below the surface. Marching over and near this, the rod continuaHy 
pointed strongly down warlf, and several times turned clear o,-er. These places 
I marked, blindfolded him, marched him about until he knew not where he was, 
and took him over the same ground o,,"er anù over again; and, although the rod 
went down a number of times, it did not once point to 01' near the places previ- 
ously indicated." 


I very well remetuber having heard, sonle thirtjT-five years ago, 
from 1\11'. Dilke (the grandfather of the present Sir Charles), of an 
experiment of thi8 kind which he had hiInself 11lade upon a young 
Portuguese, .who had come to hilll ,vith a letter of introcl uction, dc- 
scribing the bearer of it as possessing a most reillarkable power of 
finding, by n1eans of the divining-rod, 111etals conccalcd froln vie,v. 
1\lr. Dilke's family being at a sunlmer residence in tllc country, his 
plate had all been sent to his chambers in the Adelphi, .where he ,vas 
visited by the Portuguese youth; to whonl he said, "Go about the 
room with your rod, and try if you can find any mass of meta1." 
The youth did so; and his rod dipped over a large standing desk, in 
wl1Ïch :\11'. DiJke's plate had been temporarily lodged. Seeing, how- 
ever, that there were circumstances which might reasonably suggest 
this guess, 1\[1'. Dilke asked the youth if he was ,,-ilUng to allow his 
divining power to be testéd undcr conditions wllÏeh should exclude 
all such suO'O'estioIl. and l1avlnO' receiycd a read y assent., he took Ilis 
öö , , ö 
measures accordingly. Taking his plate-box do,rn to his country 
residence, he secretly burierl it just beneath the f'oil in a ne,,-1y- 
ploughed field; selecting a spot w.hich he could itlentify by cross- 
bearings of conspicuous trees, and getting a plough drawn ngain over 
its surface, so as to make this rorresponc1 precisely with tll3t of the 
rest of the field. The young dh-iner waS then sumnloned from Lon- 
I Rel'icw of .J.
[('dic-ine and Plwrmacy (Xew Yorl\:), September, 1875. 
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don, and challenged to find beneath the soil of this field the very 
same plate ,vhich he had previously detected in JUr. Dilke's desk at 
the Adelphi; but, having nothing watever to guide him even to a 
guess, he was cOIllpletely at fault. 1\lr. Dilke's ÍInpression was that 
he was not an impostor, but a sincere believer in his o,vn power, as 
the" do,vsers" of ruining-districts seem unquestionably to be. The 
test of blindfolding the diviner, and then leading hiu1 about in difier- 
ent directions, so as to put hhn conlpletely at fault in regard to hiB 
locality, is one that can be very readily applied., when the diviner is 
acting in good faith; but, as I shall show you in the next lecture, it 
requires very special precautions to blindfold a person "rho is deter- 
n1Ïned to see; and, in son1e of the ca
es ,vhich seem to have stood 
thi:s test, it seems not improbable that yision was not altogether pre- 
cluded. 
An additional reason for attributing the ac.tion of tIle divining-rod 
to the muscular movelnents called forth by a state of expectancy 
(perhaps not always consciously entertained) on the part of the per- 
former seems to me to be furnished by the di vel'sity of the powers 
that have been attributed to it; such as that of identifying mur- 
derers and indicating the direction of their flight, discovering the 
lost boundaries of lands, detecting the birthplace and parentage of 
foundlings, etc. The older writers do nut in the least call in question 
the reality of the powers of the hazel-fork, hut learnedly discuss 
whether they are due to natural or to diabolic agency. 'Vhen in the 
last century the phenomena of electricity aHd Inagnetisnl became ob- 
jects of scientific study, but had not yet been conlprehended under 
the grasp of la\v, it ,.,vas natural that those of the divining-rod should 
be referret1 to agencies so convenient, \\Thich seerned ready .to account 
for anything otherwise unaccountable.. But, since physicists and phys- 
iologists have come to agree that the moving power is furnished by 
nothing else than the muscles of the diviner, the only qneHtion that re- 
mains is, 'Vhat calls forth its exercise? And the conclusive evidence 
I have given yon that tl)e definite oscillations of suspended bodies 
depend on involuntary movem
nts unconsciously deternlined by states 
of eæpectancy, clearly points to the conclusion that we have in the 
supposed mYRtery of the divining-rod only another case 'of the same 
kind. It is ,veIl known that persons who are conversant with the 
geological structure of a district are 9ften able to indic3te ,vith con- 
siderable certainty in what spot, and at what depth, water will be 
found; and men of less scientific knowledge, but of considerahle 
practical experience, frequently arrive at a true conclusion on this 
point, without being able to assign reasons for their opinions. Ex- 
actly the same may be said in regard to the mineral structure of a 
mining-district; the course of a metallic vein being often correctly 
indicated by the shrl'\vc1 guess of an obser\Tant 'workn1an, ,vhere the 
scientific reasoning of the nÚning-engineer altogether fails. It is an 
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experience we are continually encountering in other "Talks oÎ life, that 
particular persons 3re guided, SOIne apparently by an original and 
others by an acquired intuition, to conclusions for ,vhich they can 
give no adequate reasons, but ,vhich snbbcquent e\ cnt
 prove to have 
been correct; and I look upon the divining-rod in its various 3ppJi- 
cations as only a peculiar method of giving expression to re
u1ts 
,vorked out by an automatic process of this kind, even before they 
rise to distinct mental consciousness. Various other metllocls of 
divination that seem to be practised in perfectly good faith-suell, 
for example, as the Bible and key test, used for the discovery of ðtolen 
property-are probably to be attributed to the same agency; the 
cerebral traces of past occurrences supplying materials for the auto- 
matic evolution of a result (as they unquestionably do in dreams) 
when the occurrences themselves have heen forgotten. 
l\Iany of the cases of so-called thought-reading are dearly of the 
same kind; the communication being n1al1e by unconscious muscular 
action on the part of one person, and autom
tical1y interpreted by 
the other-as in the following instance: Several !)ersons being as- 
sembled, one of them leaves the room, and during his 1 absence 
some ol)ject is hidden. On the absentee's reëntranee, t,vo persons, 
who kno\v the hiding-place, stand one on either side of him, 3nd 
establish some personal contact with him; one method being for each 
to place a finger on his shoulder, 
nd another for each to place a hand 
on his body, one on the front and the other on the back. lIe ,valks 
about the rOODl between the two, and generally succeeds before long 
in finding the hidden object; being led toward it (as careful observa- 
tion and experiment have fully proved) by the involuntary muscular 
action of his unconscious guides, one or the other of then1 pressing 
more heavily ,vhen the object is on his side, and the finder as involun- 
tarily turning toward that side. 
These and other curious results of recent inquiry, while strictly 
conformable to physiological principles, greatly extend our knowledge 
of the modes in ,vhich states of mind express themselves uncon- 
sciously 3nd involuntarily in muscular action; and I (h\Tell on them 
the more because they seem to me to afford the key (as I shall expb.in 
in my next lecture) to some of these phenomena of spiritnali
tic 
divination, which haye been most perplexing to many ,,-ho ]lave COlllC 
in contact with them, without being disposed to accept the spiritual- 
istic interpretation of them.-Fraser's Ma[Jo::ine. 


1 The experiment succeeds equally well, or perhaps better, with ladies. 
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OX TIlE DISTRIBUTION OF ST.A.:NDARD Tl
IE IN TIlE 
UXITED ST.A.TES. 


ByE D W .\. R D S. II 0 L DEN, 
"L1\J:TED STATES NAVAL OBSERV ATORY, WASHINGTO
. 


F OR the ordinary purposes of life in a state of society which is 
not yet complex, a very sim})le Rystcm of recording the lapse 
of time is sufficient. Sunrise and sunset are local phenomena, which 
from the earliest tÏInes forced tbemselyes upon the attention of every 
one, and which throughout the early centuries sufficed for tbe divi- 
sion of time. A further division of the duration of tbe day (as 
defined by the continuance of sunlight) was <?btained by noting the 
time of noon, and there is no historic period known in which the 
method of obtaining a rough approximation to this instant by means 
of tbe shadow of a vertical rod or pillar was not understood. Prob- 
ably the observation of such a gnon
on or style constituted the first 
step in ast1"Ono1ny of p1"ecision, as distinguished from tbat astronomy 
in which numbers do not play the most important part. The instant 
so determined is technically called the instant of apparent noon at 
any place, and it marks the mOluent when the sun is highest above the 
horizon and on the meridian. l 
Until ,vithin a hundred years this apparent time, that is the time 
marked by the angular distance of the sun from the meridian of any 
place, was the system universally adopted. A watch should mark 
12 h om OS when the sun \vas highest.. But the lengths of apparent solar 
days, or the tilnc elapse(l bet\veen two successive apparent noons, are 
not equal at different parts of the year, since the true sun does not 
move in a plane perpendicular to the earth's rotation axis (the equa- 
tor), but in the ecliptic, 3. plane greatly inclined to the equator, and 
since the sun's motion in the ecliptic is not uniforn1. Hence arises an 
inequality in these apparent solar days, and a capital advance ,vas 
made by the adoption of JJleCtn sQlar ti'Jne, which is no\v universal. 
Local Ulectn noon is the time w.hen an imaginary sun 8l
pposed to 
move ulliforInly in the eqnator is on the meridian of any place, as 
New York, anll a mean solar day is the interval between two snc- 
cessive nleal1 noons. This is divided into twenty-four hours, and 
these again into n1inutes and seconds, and the length of these units is 
}Jractically invariable. 
The time of mean noon differs froln the instant of apparent noon 
no less than sixteen minutes at certain times in the year, being some- 
1 Rigorously, the sun may not have its maximum altitude on the meridian, but its 
maximum altitude can never differ from its meridian altitude by more than half a second 
of arc. . 
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times in advance of it, and sometimes later; so that the moment" hen 
the sun was highest at a certain place does not luark a deternlinate 
instant unless the day of the year is also given. 
It is necessary to renlember this, and to insist .sonlewhat upon it, 
as the idea that tbe local noon as determined by clocks and "
atches 
i.s a sort of naturally detern1Ïned epoch is widely spread, while the 
fact is that it is an. artificial epoch, ,vhich can only be fixed by a 
somewhat difficult astronolnical observation and a subsequent com- 
putation. The farm-laborer ,vho eats his dinner in t1JC field at the 
time that shadows cast by the 1'5un point north and south is the 
victim of his own ignorance, as he sometimes anticipates the noon of 
, watches and clocks by l110re than a quarter of an hour, and is some- 
times equally in retard. The improvement of the balance-,vatch 
upon the clepsydra or tbe hour-glass and other early tinle-keepers . 
caused the change to be nlade from apparent to mean time, and the 
increasing requirements of a complex civilization delnand more and 
more attention to the keeping of accurate standard time. One of the 
most inlportant functions of observatories is the deternlill
tion of such 
a standard of time, and if this ,vere their sole function the expense 
of Inaintaining them ,,?ould be fully repaid. 
If the standard time is ilnportant to the man of business in mak- 
ing his appointments and regulating his affairs, to the traveler in pro- 
viding railways with a correct time by which to govern the move- 
ments of trains, and in general. to every citizen in his daily occupa- 
tions on land, it is vital to the successful and safe navigation of tIle 
ocean. Every ship that sails for a. foreign })ort must before her 
departure kno\v the correction of her chronometers to Greenwich 
time (that is, the nUlnber of seconds they are fast or sloUJ on that 
time), and besides this their 'rate (or the uumber of seconds they daily 
gain or lose). Provided "yith good chronometers and with these data. 
well deterillined, a ship sails from her port .with tJJe power of deter- 
Inining on any day hcr position on the eartb's surface. 
A sinlple observation of the altitude of the snn at noon gives, by 
a short computation, her latitude, and a <.1eternlination of the angular 
distance of the sun east or ,vest of l)er meridian gives tIle local tinle. 
The difference of the local time of the fo:hip and t11c GrceIHvieh tinle, 
as shown by her chrononleters g ives her longitude. Latitude and 

 , 
longitude being known, her place on the chart can be I)ut down with 
but little uncertainty. -This is daily done, if possible, on everyone 
of the ships sa
ling out of N cw York City, and on the skill of her 
. officers, the goodness of her chronon1eters, and the accuracy of their 
rates, depends the f'afety of her passengers ana cargo. To all n)en of 
business, tlJCu, in their appointments and affairs on Bhore and in their 
conlmercial venturcð by sea, thc f:lrt that a standard tinle is casily 
attainable and perfectly correct is of no blight importance. To 
travelers, whether by sea or lanel, it is truly a matter of life and 
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death. The watches of railway employés are usually set by one 
clock, but a difference of one or two minutes on.a cro,,
ded road may 
bring abo:ut the nlost fatal results, as the reports of the various rail- 
'way commissions will show. If a ship leaves N ew York supposing 
her chronolneter which is regulated to Greenwich time to be losing 
two seconds a day, while it is really losing six, every day she is really 
about a mile farther "rest than her reckoning sho,,'s her to be, and in 
a voyage of a month she will suppose herself to be too far west by 
thirty n1Ïles. Such a result may be attended ,,'ith the most disastrous 
consequences, and tbat it does not oftener so result is due to the skill 
and watchfulness of sea-captains, a class of men whose vigilance and 
faithfulness are too little appreciated. 
That such accidents do occur is brought constantly before us, in 
the reports of marine disasters as given in the ne,vspapcrs and else- 
'where, and every year a large volume is published by the English 
Government-the" Report of "Trecks and Casüalties," etc.-in \vhich 
tbe details are given. A simple inspection of the ,vreck-chart appended 
to this bulky annual volume, 'where every vessel wrecked during the 
year has the place of her loss indicated by a dot on the map, sho"Ts 
bow frequent such losses are. I know of no siIllpler ,yay of presenting 
the risks run, ".hen the actual wreck is not incurred, than by giving the 
follo".ing table froln the report for 1863 of JUr. IIartnup, Director of 
the Observatory of Liverpool, an observatory founded especially for 
the care of the chronolneters of merchant-ships. 
The work of this observatory has been continued for many years, 
and a large mass of statistics concerning the running of the c111'0- 
nometers of ships sailing out of Liverpool has been accumulated and 
partially discussed. 
In the earlier history of the observatory, its attention was confined 
to tbe 'ratin[J of chronometers, and, when any chronometer ,,'as sent 
to a s11ip with a gi'\'en cor'J.ection and rate, a record was kept of the 
fact. 
On the return of the chrOn0l11eter to Liverpool every effort ".as 
made to fÌncl the correction and 'J"ate which "'ere given at the foreign 
port to ,vhich the ship ,vas bound, and in this way a vast amount of 
statistical information concerning the running of the chronometers of 
merchant-ships out of Liverpool "ras accumulated. 
In tbe following table, which sunlmarizes these statistics, thefirst 
horizontal column contains the length 'of tbe voyage in months; the 
second, the average error of longitude in geographical n1Íles on the 
equator, deduceù from the means of 1,700 chronometers; and the re- 
maining colnnlns show the average error of the best tcn instruments 
in one hundred, of the second best ten, etc. I have only taken so 
lnuch of the ta1)]e as would include a voyage of four Inonths, since a 
vessel could hardly be without means of correcting her chronometer 
for a much longer time than this. 'Ve may f:1.Íl'ly say that this table 
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represents the danger which the merchant-ships of Liverpool actually 
were subjected to for many years on account of erroneous running of 
their chronometers, aud because the sea-rates varied from tllt;
 shore- 
rates. It must also be remembered that frolll this taùle all cases of 
vessels which were shipwrecl{ed (on this and other accounts) are 
onlÏtted, so that, no matter how ilnpos
ible it may at first sigllt seem 
to be that such enorIllOUS errors existed, it is yet a matter of fact that 
the errors are 'Under and not over stated. 


Table showing Error of Longitude in Geographical Miles on tlte 
Equator, deduced froln 1,700 Ohronometers. 


LENGTH OF VOYAGE, 


Average error from 1,'700 chronometers. . . ..... . . .. . . .. . 6 
Average error from the best 10 in 100
..,..,....,..... 0 
Average error from the second best 10 in 100.. . . .. . . .. . 1 
Average. error from the third best 10 in 100 . . . .. . . .. . . . 1 
A verage error from the fourth best lOin 100.. . . . . . . . . . . 2 
Average error from the fifth best 10 in 100.. . ... . . .... . 3 
Average error from the sixth best 10 in 100. . . .. .. .. .. . 4 
A verage error from the seventh best lOin 100.. . .. . . . . . 5 
A verage error from the eighth best lOin 100. . . . . . . . . . . '7 
Average error from the ninth best lOin 100... ........ 9 
Average error from the worst 10 in 100. . . .. . . _. . . :.... 25 
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Examining the table in detail, it becomes necessary to recollect that 
it is a matter of record that these actually were the errors of chro- 
nOlneters carried on a large number of ships sailing out of I
iverpoo1. 
The average errors derìved from no less than 1,700 chronometers 
are enormous, being as great as thirty-three miles for a voyage of four 
months. 
Among the nlany vessels carrying these instruments were a large 
number going on long voyages to India, Austra1ia, and South America, 
and in many cases these vessels would necessarily be between three 
and four months or n10rc on, the yoyage, often without sighting land. 
It appears from this table that the average error to be expected on such 
a voyage, and with snch. (
hronometers as they had (up to 1803), was 
no less than thirty-three miles! It is plain that no such errol's arc to 
be found in the chronometers used by our own naval vessels, nor ,vere 
American merchant-vessels during the same period so badly provided 
for, but it is certain that English vessels were provided on the whole 
,vith extremely poor instrunlents. 
It is plain that several causes ,vere here acting. The chronometers 
furnished to these ships .were on the average very poor. This fault 
VOL. XI.-12 
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èOllld be remedied by a board of inspection appointed by tIle insurance 
companies, which should refuse to insure the cargo or hull of any sea- 
going ship unless her chronometers were found, after trial, to be satis- 
factory. Part of the error is undoubtedly due to the bad navigation 
of the captain, who, in distant ports not provided with timo from an 
astronomical observatory, determined the error of his chronometer 
himself, and that not ahvays correctly. But the great source of en'or 
was the îact that the rate of the chronometer assigned at the port of 
sailing did not serve throughout the voyage. 
It will be then of some interest to describe the measures now tak- 
ing in the U niied States to provide the sea-going ships sailing froll1 
our various ports with an accurate standard time; and, furtheI', to ex- 
plain the facilities offered by the United 
tates Naval Observatory to 
railways, Inanufactories, and others, in the providing of a time by 
which to regulate their affairs. 
The Superintendent of the Naval Observatory, die late Rear-Ad- 
miral C. H. Davis, some time ago proposed to the authorities of the 
Western Union Telegraph Company the erection of a large time-ball 
upon their new building on Broadway, near the City Hall. This 
time-ball it was proposed to drop daily by telegraph at N ew York 
noon. It is to be dropped exactly at lIb 47 m 49.53' A. M. of Washing- 
ton local time, which .is N 
w York noon, I2 h om 0.00 6 , or 4 h 56 m 1.65 3 
of Greenwich time. It will thus be available both for the citizens, 
railways, etc., of New York, and for the ships sailing from port It 
is to be n10unted upon the large iron flagstaff on top of the east tower 
of tbe "\Vestern Union building, tbe base of the staff being about 230 
feet above the street, and the bal1 heing dropped from a part of the 
staff about 25 feet above this. The ,,-hole expense of the apparatus, 
which is considerable, and the manag
ment of it, whichreqnires the 
attention of a laborer and of a skilled electrician, have been assumed in 
a public-spirited manner by the W estern Union Telegraph Company, 
for the benefit of the citizens and the shipping of New Y ol'k City. 
The apparatus employed n1ay be briefly describei1. as follows: 
Around t.he iron nlast, which is of great strength, is fastened an 
iron jacket, sliding up and down ft"eely upon it. On this is fitted a 
ball three feet six inches in diameter, niade of copper-wir
 netting, and 
painted black. The interstices of the netting allow of a free passage 
of the wind through the ball, so that le
s strain is exerted upon the 
mast, and a larger ball is permissible tban there otherwise would be. 
At the bottom of the jacket are a coiled spring and a buffet. en- 
circling the mast, wbich take the considerable blow of the falling 
ball. At lIb 55 m of New York time, the ball is hoisted half-way or 
more up the mast, and at Ilh.5S m it is hoisted completely up, and the 
halliards are attached at lIb 59 m to a. lever actuated by an electro- 
magnet. .1\t exactly noon an electric signal releases the lever, and 
the ball falls by its. own weight. 
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If by any mischance the ball does not so fall at noon, it is kept up 
to its place until12 b 5 ID Os, ,vhen it is dropped. To signalize this pro- 
gl'an11ne, which may occasionally be necessary, a small flag marked 
12 h 5 n1 will be at once hoisted, and kept flying till the ball is dropped. 
A ball of this size can be 
een by every vessel lying at the wharves 
of Brooklyn and New York, eithel' in the North or East IUver, and 
by every vessel in the bay, even beyond Quarantine, if the ordinary 
night-glass is employed. 
At the instant of the fall their chronometers should indicate 
4 b 56 ID 1.65 1 (Greenwich tinle), and the difference between this time 
and \vhat theil' chronometers really give is the correction to them. 
Daily observations of the fall of this ball will give the daily gain or 
loss of the chronometers; that is, their rates. 
A capital advantage will be that such corrections and rates c
n be 
determilJed without rmnoving the chronomet(1r from the ship, so that 
a fertile source of disturbance which accompanies the carriage of the 
chronometer to and from the vessel is thus, in future, avoidable. To 
the citizens of N e\v York and Brooklyn the baÍi is widely visihle. It 
can he seen on Broadway fronl Grace Church nearly to the Battery, 
and a suitable position can be found nearly anywhere in the city from 
which its face can be observed. 
Incide.ntal to this progranlme, and as an immediate consequence of 
it, the means of securing an accurate agreement of clocks throughout 
the city is at hand. The Western Union Cornpany will agree to con- 
trol electrically other clocks in N ew York City and vicinity, so that 
they shall constantly indicate the standard time. One means of 
doing this is so simple that it deseI'ves mention. Each cloek to 
be so controlled has an attachment contrived so that when its hands 
arrive at the position 12/1 om M., a sInall pin is thrown out through a 
hole in the clock-face just in front of the minute-hund, which is thus 
beld fast at twelve o'clock. The outer end of the hand is held fast, 
but the axis on ,vhich the inner end is placed keeps on turning, so that 
the clock-train is not interfered with. This is the mechanical arrange- 
ment. The practical working of the system is as follows: Each clock 
is reo-ulated so as to g ain from ten to thirty seconds daily; therefore, 
o L 
when its h
nds reach noon, it is not really noon, but lacks from ten 
to thirty seconds of it. 'rhe pin is protruded, and fastens tIle minute- 
hand in its place till it is withdrawn ùy an electric signal from the 
reo-ulatincr or motor clock , and then aU the hands start together, and 

 ð 
continue to move for twenty-four hours, gaining their ten or twenty 
seconds in time for a repetition of the process on the next day. This 
beautiful and simple device, invented by Rain, has another advantage 
-that of cheapness-for it requires the use of the wire from the con- 
trolling clock but for an instant each day, and, in a crowded city like 
New York, the expense of erecting and maintaining the necessary tele- 
graphic wire from each clock to the controlling clock is a. n1Ïnimum. 
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Some sitnilar system should be adopted by railways leading .ont of 
N ew York, whose s.tandard clocks could be c?nuected at a trifling 
expensl' with the main clock, and kept right to \vithin less than thirty 
seconds,. which is near enough for most purposes. It should noli be 
forgotten that each clock so controlled has the sa!!le accul'acy as if 
it \\rere directly controlled by the Rtandard astronomieal clock of 
the Naval Observatory at "\Vashington, since the time which is ob- 
tained at that institution is directly distributed throughout the system. 
For railways this system is peculiarly advantageous. 1'10st rail- 
ways adopt the time of one city as the stalldal'd time, by which all 
trains are run, and to which the \vatcllCs of all employés are adjusted. 
Suppose this should not be :K ew York time, but another, as }.>ough- 
keepsie time, for exanlple. A sinlple device, lately proposed by an 
ingenious writer in the New York Tribune, enables the New York 
clock to be controlled to both times. This consists of a double min- 
ute-hand-that is, instead of making a single minute-hand, make it 
double, \vith two pointers, so that when one points to New York 
time, the other points to Poughkeepsie time. The controlling stop, 
or pin, acts upon the New York minute-hand, but the other hand is 
equally kept right. 
Such a clock \vill serve to control in its turn all the clocks along 
the line of the railway by a daily signal, so that at every railway-sta- 
tion the station-master's clock indicates, say, Poughkeepsie time. If 
required for the Lenefit of the citizens of each place, a second minute- 
hand can be added to each of these secondary clocks, so that the local 
time of each station can be indicated, while at the same time each 
railway-cloc1( affords the means to each railway-employé of correcting 
}lÏs own watch. This system, so simple in theory, is equally sinlple 
in practice, and requires nothing but the care and fideiity of the agents 
to whom its execution is confided to make it eminently useful and 
beneficial. It should be remembered, ho.wever, that to carry out its 
pt'ovisions carelessly is to commit a positive crime, since so much 
depends upon its results. Similar systems of control are now provided 
in many places. The observatory at Washington controls several 
clocks in the various departments; and in London, Edinb
rgh, Paris, 
Vienna, Bern, and elsewhere, this work is successfully carried on. 
The distribution of time-signals (either with or without controlled 
clocks) to railways, etc., is a lnost ilnportant matter, in which the 
United States is far behind England, -for example, where about five 
hundred railway-stations receive a signal daily. This is partly due 
to the enormous extent of America in longitude, so that very different 
local times are used at different places of the 83.me continuous ra.ilway- 
line, and partly to the fact tllat the telegraphs are owned hy the Gov- 
ernment in England, thus rendering the execution of a gen
ral system 
of time-signals comparatively easy. In the opinion of many experi- 
enced and pr
minent railway-officials in the United States, it is quite 
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feasible and very desirable for an railways to be operatcc1 by one 
comrnon tirne, and the fir!:;t step toward tlJis is plainly the certainty 
that the time-signals which are now regularly sent froIn the Naval 
Observatory Rhall reach each railwaY-t5tation once daily, at least. 
It should be renlarked that this change, :1
 well as the changes it 
would inlply, and w.hich would follow as natural cont5cquence
, is not 
by any means so violent as the change from the English syt5tcnl of 
measures (feet, pounds, bushels, etc
) to the metric system (Inptres, 
gramlnes, litres, etc.) often proposed, and now partially adopted. In 
the latter case, the units are altered, and for the first generation, at 
le
st, continual reference will have to be made from the old 
ystpm 
to the new; whereas, in the first case, the units remain the same, and 
the püint of reference only is changed. Once familiarize a citizen of 
Detroit with the fact that his local mean noon is to be called 12 b 24 m 
instead 'of 12 b om, and the transition would hardly be noticed. If by 
any chance all watches, clocks, and time-J{eepers in New York City 
could simultaneously be turned hack 12 m 10;5 1 (i. e., to 'Vashington 
tinle) unknown to their owners, it is probable that the number of peo- 
ple who would ùc awarc of the change would be extremely sma]1. 
Besides sending thc signals which regulate the New York c10ck of 
the 'Vestern Union Telegraph COIDIJany, the Naval Observatory at 
WashingtolJ has for several years sent daily (except Sundays) a tele- 
graphic signal at "\Vashington noon over the lines of the "\Vestern 
Union, which signal is already widely distriLuted. 
rro increase the usefulness of this signal, Admiral Davis entered 
into arrangements with the officials of the 'Vestern Union Telegraph 
Company by ,vhich they will contract to deliver such a signal daily 
to subscribers (for a year) at extrenle]y low rates. ':The company 
will connect the house, office, or manufactory of the fiubscriber with 
its local office (for the present the arrangenlent is confined to offices in 
towns havinO" 20 000 inhabitants or over ) ill his town for a sum to be 
I::) , 
settle(l according to the length of wire required, etc., and will fur- 
nish him ,vith a telegraphic sounder, or such other form of appa- 
ratus as nlay be suitable. . 
The price of such a connection is to be settled according to the 
various circumstances of each case, and each subscriber will of course 
bear the necessary expense, ,vhich will be met in the form of au annual 
rcntal. Besides this charge peculiar to each subscriher, the conlpany 
will charge a certain small sum for transmitting the 'V nshington noon 
signal to its o,vn office for distribution; and this 8UTn, if there iR but 
one suh
cribcr in any town, must be paid by him. T

o subscribers 
halve tbe expense, for three ea'Jh pays one-third, and so on. For 
New York and othcr large cities this expenRe will be aln10st nothing, 
60 that the real cost of a transmis
ioll of the 'Vashin,gton noon signal 
win practically be the annual rental of tbe ,vire used to conncct th? 
subscriber's premises ,vith the telegJ'nph-office. By the method of 
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double hands before descriheè, this WaslJington noon signal may be 
used to control a clock by the Bain or some other system in a house, 
or manufactory, or rail way-station, aud a general acceptance of "\Vash- 
ington (or any other) standard time by ,vhich to regulate the running 
of rail way-train!'3 or other affairs is rendered easy and safe if it is de- 
Rirable to make this change. 
The advantages of a general use of this system are very great, and 
will be evident on a slight consideration. The 
U"rangf'meIits pro- 
posed by the Naval Observatory are not intended to conflict, and 
they do not conflict, with others more local adopted and success- 
fully carried on by various observatories. 
Aillong these, the Inore pron1Ïnent are the Harvard College Obser- 
vatory, which, uncler the direction of the late Prof. Winlock, in
ti- 
tuted a systenl of tÏ1ne-distribution to the various railways of Boston 
and vicinity, \vhich has been for some years in successful operation; 
the Allegheny Obsenratory, of Pittsburg, ,vhich, under its director, 
Prof. Langley, has also for some years furnished standard time to the 
Pennsylvania and other rail ways; as well as the observatories of Cin- 
cinnati, Albany, and others. 
The coöperation of all these institutions will undoubtedly result 
in providing for a more" extensive and better-organized systenl than 
has hitherto been possible, and some of the benefits to be derived 
from such a coöperation have been pointed out. The establishnlent 
of time-balls at our various seaports, Boston, Baltimore, Philarlelphia, 
N orfolk,t Charleston, Savannah, Ne\v Orleans, etc., is mo
t important, 
and insurance companies, shippers, and o\vners of vessels, could well 
afford to bear tbe small nec'essary expense, wlJÏch would be JTIore than 
repaid to them by the addi
ional safety given to navigation. 
The extension of a system such as exists in New"York to the 
various seaports of the country could not but secure a greater safety 
to sea-going vessels and an increased security to the traveling public, 
two objects \vortlJy of all attention. 


1 Time guns or balJs, at Hampton Roads and the Delaware Breakwater, are peculiarly 
demanded by commerce, but would have to be supported by underwriters and shipper
, 
as there will be little demand for them from the neighboring population. 
A time-giln at Hampton Roads would be used by aU vessels proceeding on long voy- 
ages from Baltimore, the Potomac, and Richmond, and by the largp. number of ships 
calling at Hampton Roads for orders where to cal:ry theil' cargoes. It would be particu- 
larly valuable to" ships using this roadstead as a harbor of refugt::' on their voyages, which 
ships at present seldom or never wait for fair weather to rate theil' chronometers, but, 
on the first appearance of settled weather, slip out to sea to continue their voyages. 
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MATTER AND 
rIND. 


By FRANCES EMILY WHITE, M. D. 
U NDER cover of
 the ,vords placed at the bead of this paper, it is 
proposed to call attention to a few only of the Illore salient 
points involved in the suLject, and especially to those suggested in a 
recent article in this journal/ in whieh the attempt is n1ade to apply 
the principle of correlation to certain forces (called indifterelltly Jl1CIl- 
tal and spiritual), without recognizing that highly-in1!Jortant f3('tor in 
the manifestation of all known force, viz., Inatter. 
In examining any subject from ,vhat claims to be a scientific point 
of yiew, established facts must not be ignored; and in proportion to 
the importance of the question which science is called upon to answer, 
should be the exactness of the solution offered. 
It has been conclusively shown, by experimental methods Rimilar 
to those employed ill denlonstrating other cOl'relation8, tbat emotion 
and thought are correlated with heat and electricity; 2 and the corre- 
lation between thought and mass motion, through the action of nerve 
and muscle, is constantly exhibited in the human Body. It must, then, 
be adtnitted that these forces (thought, etc.), like those with which 
they are correlated, are manifestations of matter. 
The scientist kno,vs of no ulode of energy nlanifested in any other 
lvay than through nlatter; and the supposed" cycle of operations in 
,vhich there is no annihilation of spiritual force" must be regarded, 
not as a cycle, but rather as a segment of the great cycle which in- 
cludes an natural phenomena. 
'rhe idea of annihilation either of DlaUer or of force is i))f1dmis- 
sible to science; but th<:>re i
 a constant shifting-a di
appearing and 
reappearing-of different modes of energy, corresponding to the un- 
ceasing l11utations of matter; the special force manifested in any gÍ\'en 
case depending on the kinds and conditions of the matter involved. 
The supposition of other kinds of force, differing frOlll those recog_ 
nized ùy the physicist, implies either different kinds of mattrr, or the 
same kinds differcnt ly conditioned. 
The relations of t he differ
nt parts of an organi
m to 
a('h other, 
ana of the entire ol"ganisln to its pnvironment (the cn\'ironIl1('nt in- 
cludinn' other or!!anism
 as well as inoraanic matter), tl1ust all be 

 
, 
 
scrutinized ,vhen we attelnpt. to trace the source of the power maní- 
fested by any organism. A symphony of Bt'etboven is made up of 
bars and interludes-of points and rests-of quavers and semiquavers 
1 "On the Annihilation of the Mind," by Prof. John Trowbridgc, POPULAR Scn:KCE 
MO
THLY, Ap:'i1, 1877. 
2 UniverRity Scrics, No.2, "Correlation of Vital and Physical Forces-," by George F. 
Barkcr, M. D. 
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-like any other, even the 
implest piece of Inusic. How, then, does 
it differ fronl every other musical composition? Among which of its 
parts shall \ve look for the grandeur of movement, the rush of ])ar- 
monies, and the eloquence, more powerful than that of ,vords, which, 
as it thrills the metallic strings, awakens responsive vibrations 
among those differently cûnstituted and conditioned strings which 
form tbe organ of hearing, and through this organ arouses emotions 
among tbe d
epest of which our natures are susceptible? It is true, 
the effects produced are but poorly represented in the symbols of the 
musical score, or in the strings of t.he instrument which respond to the 
performer'& touch; these elements are, however, not only important, 
but absolutely essential to the production of the results, and tbey 
must not be ignored in the statement of the problem wi th which \ve 
have to deal. When, ho'wever, ,ve attempt to follow the tran
forma- 
tions of energy which have taken place between the first and last. 
links of the chain connecting the brain of the composer with that of 
the listener, we are lost in a maze of hopeless intricacy-hopeless, be- 
cause we are unable to include in our limited grasp the innumerable 
threads which together constitute the clew to the labyrinth. 
Nevertheless, we are compelled to believe that a clew exist
, and 
that it depends on these twin princip)
s-the correlation of forces, 
and the inseparableness of force and matter-since each link in this 
seemingIy endless chain, when separately exalnined, is found to con- 
nect with some form of lnatter and some kind of force, with both of 
,vhich we are more or less familiar. 
'Functions of nlind cannot be formulated in terms of lnatter- 
there is no correlation in the language employed; but this is equally 
true of other phenomena-as, for example, of combustion. We know 
that chemical reaction between carbon and oxygen results'in heat-pro- 
duction; and we l(now that certain combinations of vihrations of 
musical strings, communicated to the membrana tympani of the hu- 
man ear, result in the production of emotions. It is safe 
o promise 
an explanation of the latter phenomenon, whenever an explanation 
of the former shall be forthcoming. 
The phrase "principle of life" is deceptive; the expression 
"manifestation of life" means something definite, since life may be 
regarded as the sum of the forces manifested by certain forms of nlat- 
ter brought. iuto certain relations with 
ach other, and with the envi- 
ronment; but a " principle of life," although it may be talked about,. 
cannot be located nor described; it is a phras
, et præterea nihil. 
That which is called the ego-the sUln of the various elements 
which Blake up the c11aracter-cannot, from a scientific point of view,. 
be regaròed as an entity, unless the combined forces and powers of 
auy machine may be so regarded. 
\Vhen a machine is taken to pieceR, or fans into òecay, what be- 
comes of the forces previously manifested by it? Jlave tlley gone off, 
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ill some associated ,yay, to manifest th
mselves elsewhere in manu- 
facturing carpets, impelling railroad-trains, or printing news}J:lperf', as 
detcrn1Ïned by the original construction of the 
a('hine which they 
have deserted? This qupstion belongs as l<)gitimately to science as 
the one discu
sed in the article previously referred to; for the scien- 
tist has no kno,vledge of mind apart fi'om the brain which mani- 
fests. it. 
rfhe same writer attempts a projection, upon the Ecreen of thought, 
of "a great source of life and mind, the prototype of our physical 
sun," which may be supposed to hold the same relation to tbe world 
of human thought that the 8un holds to our "rorld of matter. . 
The relations of the sun's heat and light to the energies of our 
planet (including the forces manifested by the organisms de\'eloped 
from its crust and atmosphere) are correlations, in which the fOf('es 
concerned are mutually convertible; moreover, the energies di
ph1yed 
by living bodies are. of a higher order than are those of the suu 
(heat, light, etc.) through ,vhose influence these living energies are 
developéd. 
'Vhere, then, does such a silnile lead? If the forces emanating 
fronl this great source of life and n1Ïnd are convertible into human 
energies, then-according to the same law-human energies are con- 
vertible into those of the prototype. No new principle is introduced 
by such a conception, and, in order to Inake the figure good, the forces 
of the prototype must even be regarded as of a lo"rer order than hu- 
man energies. 
The human brain preRents the most complex and highly-organized 
form of matter known. Its relations and means of comynunication 
with the other l(1sS con1plex organs which make up the entire body 
are most subtile and intimate; through the organs of the special 
senses it is also hrouo-ht into communication with an environn1ent 
ö 
limited only by the range of vision, which is extended, by telesèope 
and microscope, to the nebulosities which l)elong to immensit y on the 
one hand, and to the obscnrities of the intinitesimal on the ot her. 
The energies displayed by this remarkable organ hold a rank 
among known forces eomparahle, in range and complexity, to its 
structural su.periority over other forms and combinations of matter. 
These forces so far as the V come 'within the rang,:e of scientific ohser- 
,. LJ 
vation, hold the same sort of rplation to the material organi
m that 
the force called magnetism bears to the 11laguet, or heat, to the body 
from which it en1anat
s. 
Beyond this relation, Science has no testimony to offer. 
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GAR-PII{ES, OLD AND YOUNG. 


By PROFESSOR BURT G, 'VILDER J 
OF CORNELL UNIVERSITY. 


II. 
T HE writer's opportunities for observing the.motions of the adult 
gar were too brief to enable him to describe them accurately. 
It is to be hoped that this fish n1ay soon be placed in some puhlic 
aquarium. But the motions of several young gars ,yore carefully 
,vatched daily during three weeks. 
The 1novements of the little gars, even the smallest., were very 
unlike those of the common little fishes, minI
ows or catfishes, w hieh 
",vere placed with them. "rhese latter seenled agitated, and splashed 
about in an indet2rminate way. But the littlc gars, though they 
went like arrows w hen disturbed, usually remained nln10st at rest, or 
moved slowly about 'with a dignified, almost solemn air, as if con- 
scious of very ancient and honorable lineage. They also have, as 
was remarked by Prof. Agassiz, the power of nloving the heaò upon 
the neck; and occasionally the 'whole body was tln"own into two or 
three undulations, resembling those of a short serpent; and so in1- 
pressi\'e is the air of supercilious self-rJOssession that one might 
almost imagine then1 shrugging their shoulders at other creatures, 
including the bipeds of recent creation, ,vho study their lIlove- 
ments. 
To sounds in general they paid no attention. But a tap upon t}JC 
side of the \Tessel usually caused them to start and open the nlout.h, 
sometilnes two or three tilnes in succession. . 
It has already been said that the little gar first taken was recog- 
nized as such; yet the resemblance to thc adult was mostly in the gen- 
eral l:)longated fonn of the body, and in se....eral other respects there 
were marked differences. First, in color. The old g:lr is a bluish ash- 
color, or light gray; darker ahove, and lighter below, but with no dis- 
tinct patcl:es. All of the young gars presented a distinc't though ir- 
regular dark stripe along the side of the body and head, crossing the 
eye. The helly, too, "Tas alnlost white, and strongly contrasteà ,vith 
the darker regions. 
Second, the smallest ones had no scales at all; but 'with one, 108 
millimetres (about four and a quarter inches) long, the binder half 
of the body showed outlines of the scales in process of formation, 
and the ls.rger ones had the' armor morc or less fully developed. ....t\..t 
about the same time the upper and lower borders of the tail become 
protected by several pail" of pointed platcs, the fulcra. 
The third and 1l10st striking peculiarity of the young gars con- 
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sisted in the existence of two tails, an upper and a lower. 'TheRe are 
shown in Fig. 8, B. 
The 
orlnatio
 of these two tails, and their significance, will be 
considered further on; for the present, 've are concerned ,vitI. their 
structure, their relative position, and their uses. 'rile lower tail was 
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FIG. B.-FoUR FIGURES OF THE TAILS OF Lepidosteus AT DIFFERE
T STAGES. 
..A,from a specimen t.wenf.y-h\'o miHimctl'l>8 or t:evell-('ighth
 inch )ong, cn)arged four òiamrtera. 
'l'he V<'ntra) fin (Ve) is jl1
t nppenrinp-. The IDedi:m fin is bein!!absorbed bet\\'eeJl the fourf':pot
 
referred to in Fig. 9. The tip of the taU is incHnt-'d upward, and the infla-caudal lulle is 
larger. In B t.he nrimol'dial fin has a)mo:::t. disappeared; the dor:::nl (I)) and the anal (A) fins 
are quite lm"!!e. The infra-cauòalluhe is nC'nr)y as Jon!! a
 the tip of the orhinal tail, which has 
been reducpd to a ",,)ender vibratiJe fiJampnt, This specimen is fort
'-four mPJjme're
 or olle 
and three-fQl1lths inch Jon!!. and thc tnil i
 enlarQcd t\\'o fÌameter
. C ""hows the tail uf a 
specimen three hundred rni11imetres or nenrJv twplvf' illches long. of natUlal 
izc. The fila- 
ment is stiJ1 furlhet. redl1('ec1 Hnd the 1'a\'8 pfihe infra-caud:!) lobe form the enel of the tnil In 
lJ the tail is that "fan adnJt.' onc-ha1fllàtura) clhmet.pr. The filament. thp ori!!ina) end of the 
body. has whoJly disappearCll. and thl> idra-cfludn) )obe formEt the fait But di
Fe('tiou Fllo\\'s 
the I"pinnl axis cxtendhw alonO' the dorsal horder tu n point conesponlHng wilh the previous 
attachmcnt of the filarne;,. (F'
Irther description :md discU!"Fioll of thesc dwn
f'
. with I cffor- 
CIICl'R 10 anlho1"
.may be found in a papl'r by the :1111hol', entitJ('d .. Notes on the Norlh Ameri- 
can Ganoid
." '"Proceedings of the American ASl:ociation for tbe Advancement of Scieuce," 
1875, pp. 151-193.) - 


evidently the caudal fin. It had sev
ral rays, and n. rounòed hinder 
border. But it was smaller in proportion than in the adult gar, and 
the middle rays \vere directed où]iqne]y do\vnwnrd, inst{'3d of hori- 
zontally backward. 
rrhe upper t3il is best describ0ù as a single fleshy fi]amcnt, flat- 
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tened from side to side, and tapering to a fine extremity. In. the 
srnal1est gars it was longer than the fin helò,v, in the older it was 
shorter; while in the adults no tracp of it appears. 
These two tails have very different movements. The lower, cor- 
responding to the caudal fin of the ordinary fish, is used in three 
,vaYR. '\Vhen the little gar is in a gentle current, and wi
hes not to 
be carried downward, the fin is made to execute a series of uudula- 
tory movements, such as have been described by Prof. Agassiz re- 
specting the dorsal fins of young pipe-fishes, etc., and such :1S the 
writer has obseryed with the long dorsal fin of A'i11ia. J. 
rfhis tail is also strongly flexed to one side, as with ordinary fishes, 
in order to change the course. And it is rapidly moved from side to 
side for all sudden and raþid locomotion, as w hen frightened. 
The movements of the filanlent were -first described by Prof. 
_A..gas
iz, and he called attention to thE11n upon several occasion
. But 
his. descriptions are very brief, and, upon one point, seem to require 
mod ification. 
The filament is in almost constant vibration. Occasionally, when 
the gar is at rest, and })erhaps also ,vhen it is turning, or rapidly 
swimming, the filament is not used. But usually the vibrations are 
so rapid that the tip of the filaJnent is invisible, excepting as an in- 
distinct blur. Generally, it is directed backward and slightly up- 
ward, but at times it is bent to one side, or elevated to nearly a right 
angle with the body, the tip all the ,vhile in constant vibration. 
ThoRe who have \vatched the tail of an irritated rattlesnake, or even 
of a common striped snake, under strong excitement, may form a 
J)l'etty correct idea of thè nature of this movement. It ,"vas charac- 
terized by Prof. Agassiz 
s " involuntary;" and so it may be regarded, 
since its rapidity is such as to preclude the idea of a separate volition 
for each movement. But the gar, evidently, has entire control of the 
vibrations; for they are more or less rapid at different times, and are 
occasionally intermitted; the position of tne whole filament is c}Janged. 
at will; finally, the muscular banùs npon each side of the cartilagi- 
nous rod, which runs through the filament, consist of the striped va- 
riety of rnuscnlar fibre, as arc the other voluntary mnsclE
s. 
This i
 all the ,vriter bas seen ùf living young gar-pikes. But the 
explanation of the peculiar double tail is furnisned by some still 
younger specimens, the smallest of - which is shown, enlarged, in 
Fig. 9. 
These little gars \vere scooped out of the Reel River, nE1ar Sbr
ve- 
port, l..ouisiana, in the spring of 1871, by a lad only ten YE1ars old, who 
}Jacl heard the writer say tþat he wished for very 81nall fi8hes. At 
that point the
e young gars were then as abundant as minnows, as 
easy to catch, and cOlnmercially as worthless. AI] of tlleID are less 
than two inches long, and among them are two about tlu'ee-fourths 
of an inch in length. These iast are not ouly 111uch smaller tha
 any 
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previously exalnincd by naturalists (so fnl' as known to th
 writer), 
but they also furnish the clew to the double tail, and suggest some 
important paleontological cOllsid
ration
. 
'Vhile earnestly expressing his appreciation of the \"aluc of these 
little gars, the ,vriter tiuds hiInself cOlllpelled to exemplify tho pro- 
verbially ungrateful and dissatisfied nature of zoölogists by regretting 
that there were not nl.ore of them, and that some ".el'e not very llluch 
smaller, or even still within the egg. 
In this connection oue is reminded that now, as a rule, the f:}nallcst 
rather than the largest are desired Ly naturalists. The giants are 
curiosities, and interesting as sho,ying the capacit.y for growtlt j but 
the mysteries of development, the relations of apparently diverse 
forms, and the order of geological succession, are be:st re\'ealed by 
the apparently 1l10st insignificant. 
A good illustration of this inverse ratio bet,veen size and value is 
contained in the following passage from Prof. and .1)11'8. Agassiz's 
" Journey in Brazil: " 
"ltlr. Agassiz has a corps of little boys engaged in catching the tiniest fislJes, 
so insignificant in size that the regular fishermen, w 110 can never be maùe to 
understand that a fish which is not good to eat can serve any useful purpose, 
always throw them away. Nevertheless, these are mnong the most instructive 
specimens for the ichthyologist, because they often reveal the relations not onJy 
between parent and off:;pring, but wider relations between groups." 


Of the t,vo slnallest gars, one is nearly colorless, while thE? other 
is marked very n1uch as are the older ones. They are 18 miUimetres 
(a little less than three-fourths of an iu('h) in Jength. The head is 
short and flattened, .with slight indications of teeth on the eages of 
the jaws. With one of them the ventral fins have not appeared; 
with the other they are represented by n1Ïnüte white elevations. Each 
pectoral consists of a fleshy lobe, surrounded by a thin fì'inge or 
border. 
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FIG. D.-SMALLEST GAR-PIKE YET OBTAINED (EiCHTEEN MILLIMETREB OR ABOUT THREE-FOURTH 
INCH LONG", ENLARGED FIVE DIAMETERS). 
The actnalleng'th is in(1icRte(l by the line above the fi
nre. ,!here 
re 
o Ecnlc
. The hend, is 
f:hort. The pecto!1ll fin (P) c()nsi
ts of a fleshy lobe (L), wIth a t
m frm
e 01' bnrder (F). '1 he 
vpntral fills have not ßppeared. A median fin extend!:' along the hmder thud of the 
ody nbo\'e 
nI!d the hinder half helow, It is interrupted 
y th{'. vent (V), and pre8ent; t
mr darker 
and mOI'C 01' less differentiated flpotS. The antcrlOr.p81r are eVIdently. the begm!lIn
8 of the 
dorflal lD) and anal fin
. 'l'he Fignification of the hlilclel' dor
aJ BpO
 IS unccrtalll. But the 
hinder spot below (C> presents råYfI, and is the commencement of the mfrn.caudullobe. 


The hinder end of the body tapers to a point, as with Ampldoæus, 
the extren1Ìty being 
lightly bent downward. At the junction of the 
middle with the hinder third of the l)orly comUH
nces a delicate 
median fin, colorless, and without rays for the most part, and (>xtelld- 
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ing around the tip of the tail forward to the vent, thence forward to 
about the n1Ïddle of the body. Such a prinlordial rnedian tin exists 
in the Y9ung of all fishes whose developluent has been studied. The 
pernlanent fins seem to result from the formation of cartilaginous or 
bony rays either throughout rnost or the whole ot' its length, as with 
lanlpreys ana commun eels; or at several points, as with the ruacke- 
reI and [)olypterttS
. or at three, or two, or only one, a
 with the cod, 
the blue-fish, and the pickerel. The intervening portiolls disappear. 
The hinder part of the primordial fin of the srnallest gars presents 
foul" points of darker coloration, two auove and two below. The 
posterior upp2r spot presents no rays, and later seems to disappear.! 
The other three are evidently the beginnings of fins. rrhe anterior 
above and that below occupy the positions of the future dorsal and 
anal fins. The destiny of the hinder lower spot is better seen by 
comparison with larger examples. 
The series given in Figs. 8 and 9 shows that, as the gar increases 
in length, the primordial fin disappears, the dorsal and anal increase, 
and the end of the tail beCOllleS more slender and pointed. But the 
most striking change consists in the enlargement of the hinder lower 
spot into what may be called the infra-caudal lobe. The rays of this 
become longer and more nnluerous. They project beyond the rnurgin 
of the primordial fin, so as to lpave a decided notch, as in Fig. 8, A. 
In Fig. 8, ,B, the end of the body merits the name of filament, and 
the relative size of it and the lobe is reversed. Afterward, partly by 
more rapid increase of the lobe, and partly by absorption of the fila- 
ment, the latter seetns slualIer 
ind smaller, and at last disappears; 80 
that the lobe, fr0m having been at first an outgrowth from the fila- 
Inent, finally becomes the whole of the tailor cauÇlal fin. 
It appears, then, that the hinder end of the body undergoes con- 
siderable change before reaching the adult condition. Aside from the 
partial disappearance of the primordia] median fin and the gradual 
development of the ventrals, the dorsals, and the anal, the caudal fin 
assnmes at least three distinct forms. The first is lance-shaped and 
simple, like that of A1nphioxllS, the eel, the lamprey, salamallders, and 
tad poles. Thp second is compound, with a slender fiIanlent above and 
a broader fin belo,v, as with some sturgeons and sharks.' The third 
consists entirely of the lower fin, which is enlarged and brought into a 
direct line with the body, the longest rays being a little above the 
middle. Its upper ancl lower borders are now thicker and stronger 
than the intermediate portions; whereas in the first stage the carti- 
lage and muscle are in the centre, the upper and lower borders being 
very thin. 
In short, the tail of the gar-pike undergoes a decided transforrna- 
tion. And one naturally inquires, " What is the occasi
on for it? " 
) It may have a morphological significance, as suggested further on respecting the fossil 
Glyptolæmus. 
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It is so recently that aU structural (1iflerences and changes were 
supposed to be readily explicable upon the doctrine of final canses, 
that we naturally turn first in that direction. Sorne transfonnations 
certainly seem to relate very distinctly to the welfare of the individ- 
ual, as \vhen the caterpillar beconle
 a butterfly, and when the aquatic 
larvæ of mosquito and dragon-fly change their forms with their hab- 
its and Inodes of life. So, among the vertebrat.es, it is obvious that 
the tadpole is hy no means adapted to. the necessities of the frog and 
the toad; and the intermediate stages, resulting froTH the gradual lcss 
of the tail and the acquisition of legs, ,vhile perhaps not particularly 
suitecl to either aquatic or terrestrial locomotion, seem to be l'f1quired 
in order to permit the development of the lungs and the accompany- 
ing c1 iSfl ppearance of the gills. 
But ca.n the transformations of the gar-pike's tail be thus accounted 
for? According to present knowledge and jn::;tifiable inference, the 
Lepidosteus not only passes the whole of its life in the ,vater, Lut is 
also, from first to last, an active, predaceous 
8h, requiring all pos- 
sible advantages of fornl and fin in order to overtake its prey. 
Since no marked change occurs in the general form of the body, 
we may perhaps assume that it is perfectly well aclaptf1d to the fi::;h's 
needs; although this suggests the general inquiry as to the cui bono 
of the alnlost infinite variations from the ideal form supposed to be 
best suited to aquatic 10COlTIotion. 
But do we know, or can we easily infer, any differences in the ne- 
cessities or the manner of life of the Lepiclosteus at different ages, 
which may account for its having a tail first like a lamprey's, then 
like a sturgeon's, and, finally, like that of Amia ? 
It may be suggested that the rapid and, at most, invisible vibra- 
tions of the filament enable the young gar to glide stealthily upon its 
prey. Hut the very young would seem to be even more in need of 
su(
h precaution, and with them the tail is relatively as large as in 
the adult, although differently shaped. Finally, even if we conclude 
that the three distinct stages of the tail are perfectly adapted to cer- 
tain hypothetically unlike necessities, what shall be said of tbe inter- 
mediate conditions? While growing, the infra-caudal lobe must be 
rather a hinderance than a help to the movements of the prirnitive 
tail; and while disappe3ring, the filament, being useless, must be, if 
anyt hing, au incumbrance. 
Shall \ve, then, conclude that. these changes in tlle appearance of a 
single individual are for the sake of variety-as some would explain 
the great diversity of specific form and coloration among anin1als and 
plants? 
At the present day, neither of the explanations above gh"en is like- 
ly to wholly sat.isfy the large class of thinkers who, whether or not 
th(:1y accept any particular evolution doctrine, are inclined. to believe 
that there is, in many cases, a more or less exact parallelism between 
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tbe changes \vhich occur in the development of an individual, the suc- 
cessive forms of geological times, and the serì
s of Jiying forn1s, lower 
and higher, or more generalized aHd Inore specialized. 
In the SJnallest gar here described, and presll111aLly in stilI younger 
examples, the axis of the body, represented by the notoehord or primi- 
tive vertebral column, is nearly horizontal, about midway bet,veen the 
upper and the lower bortlel's of the taiL This is like\vise the case with 
the lowest known vertebrate, .Amphioxus,. with the fornls next above, 
the hag-fishes (.LJfyxine and Bdellostorna) and lam prey-eels ([.Jet'J"o'lny- 
zon); with the larvæ (tadpoles) of frogs and toads; and \yith the 
adults of the aquatic and tadpole-like salamanders, Me1lopo'Jna and 
Menobrancltu::J. 
Finally, such á tail exists in the Dipnoans, or mud-fishes, of Africa, 
South America, anù Australia (1
'otopterus, Lepidosiren, and Cerato- 
dus), which have SOllIe striking affinities with Batrachians, but are 
usually regarded as fishes, and are, perhaps, the best illustration of 
generalized forms. 
To this variety of tail, Cope has applied the llame isocercal j Hux- 
ley calls it dipltYCt1 9 Cal, and gives as an example Polypterus, where, 
however (as in Galarnoicltthys), the "end of the notochord is hardly 
at all bent up." 'V yman, finding this kind of tail in the embryo of a 
skate, called it protocercal, and, on some accounts, this seems the Illore 
suitable name. 
As the gars grow older, the relative length of the filament and the 
infra-caudal lobe constantl y changes. At first the former is the longer; 
in a specill1en ] 08 millimetres long; their tips coincide; in one 142 
millimetres long, the lupe projects beyond the filament; and in a 
third, 300 millimetres long, the filalnent is luuch the shorter, is ragged 
and attenuated, and during ]ife was rat'ely employed. This second 
st
ge, or rather series of stages, has several counterparts among liv- 
ing SeJachians and Ganoids. The most accurate resemblance is pre- 
sented by the shovel-nosed stnrgeon of the l\Ii
sissippi River (ScapllY- 
rhynchus). The filament is excessively elongated in Ch irn era, and 
exaggerated as to both length and breadth in the thrashing-
hark 
(Alopias). But, \vith many s}Jarks, the common sturgeons, and the 
spoonbill (Polyodon), the size of the infra-caudal lobe is so nearly 
that of the filament as to give the whole tail a nearly synlmetrical 
outline, and lead zoölogists to speak of tlte " upper lobe," ,vhereas it 
is really "the bent-up.end of the body: This kind of tail is called lwte- 
'rocercal. 
The gars above mentioned are supposed to be the young of the 
Lepidosteus osseus. Just at what size the 'filament wholly disappears 
in that species is not known. But with the smaller and proportionally 
shorter specie
, L. platystomus, there is no sign of the filament when 
eighteen inches in length. Th
 tail might then be thougbt, at first 
sight, to be symmetrical. nut the longest rays are a little above the 
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midùle, and dissection :.:;hows that the spinal axis is continued back- 
ward and ul)ward as a cartilaginous rod, l terminating at the upper 
border, just under tbe lJinder pair offulera, and at t.he point where the 
filament ,vas attached. 'l"he rays are all attached to the lower border 
of the spine; and there is only a lo,ver lobe of the tail. 
A sin1Ïlar structure exists in the tail of Anzia, .which l")rof. IIuxlcy 
gives as an exalnple of heterocercal tail. It seen1S better 110W('Vl'r to 
'-' , , 
discrinlÍnate between it and the previous stage, ,vhere the upper 101e 
(filament) exists, and it may, therefore, provisionally be called the 
masked hetel"ocercal, or perhaps the pseudo-homocercaL .. 
Prof. Huxley })as more recently given figures and descriptions of 
the tail of embryo Teleosts (Gasterosteus), in which the structure is 
nearly identical .with that of the adult Amia and Lepidosteus. 
 


',<..
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 .__ 
, .
! 
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I D. Not represented, 
o far as I know, among recent or fossil 
forms. 
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embryo of many Tele08ts. 
fossils of Mesozoic and more recent epochs. 


FIG. 10.-DUGRAlIIS INTENDED TO ILLUSTRATB THE CORRESPONDENCE OF THE SUCCESSIVE 
STAGES OF TRANSFORMATION OF THE r.rAIL OF Lepidosteus. WITH THE TAILS OF CERTAIN 
LIVING FORMS MORE AND LESS GENERALIZED, AND OF CERTAIN FOSSILS MORE AND LEE'S 
ANCIENT. 
A, th
 first or protocercal stage, where the end of the ver!eb-:al column (Vc) is horizontal and .
j- 
vldes the taU into upper and lower lobes nearly equal III SIze. .1! B:ud C. the heteroce
cal 8ta ð c, 
where the original tail Is more or less elevated by the lower or mfra:caudal lobe (I C)" and be- 
comes the filament (F
). usua])y called the uupper lobe." In.D the llIfra
candal lobe IS longer 
than the filament and in E the latter has wholly disappeared, and the taIl assumes the last or 
,. masked heteroc'ercal " condition. 


The same author concludes that in many adult Tcleosts the poste- 
rior end of the spinp is more or le
s strongly bent up, altl)ough the tail 
is outwardly- nearly or quite symmetrical. 
I This rod consists of the notochord, and a slci1der prolongation of the spinal cord, 
surrounded by a cartilaginous sheath. 
2 The writer has found the same condition in newly-hatched catfishes (.Amiurlls), and 
it has been observed in the embryo of a species of Cotlus, by Mr. S. H. Gage, a student of 
natural history at Cornell University. 
't"OL. XL-I3 
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But when, a::; in the majority of species, the hinder border is enlar- 
gin ate, so as to form an upper and a lower lobe-, the former is never 
known to contain any extension of the spine; although some South 
American Goniodonts have the upper ray prolonged into a sort of fil- 
ament, yet in other forms the lower ray is similarly elongated, and 
neither can be compared with the true filament of the young gar or 
the upper lobe of sturgeons and sharks. 
It Inay not be possible to dra,v a sharp line between the tail of 
most adult Teleosts, and that of ..A.mia and Lepidosteus, but perhaps 
the old term hon
ocercal can be employed for the former. 
Upon the whole, it ,vould appear that the tail of the ýoungest 
Lepidosleus is protoeercallike those of the lowest vertebrates and the 
generalized forms called Dipnoans ; that the second or obviously hete-. 
rocercal stage is comparable with the tails of sharks and sturgeons, 
while the last stage seems to correspond quite 
losely with that of the 
teleostean embryo. And, as the Teleosts are ahnost universally re- 
garded as tbe most specialized group of fishes, there appears to be a 
pretty close agreement between the successive stages of Lepidosteus 
and the rank of the forms or groups with which comparison has here 
been made. 
The corresponding geological series is less complete and satisfac- 
tory. No forms resembling .Amphioxus or the hag-fishes and lam- 
preys have yet been found fossil, although all, excepting the former, 
have horny teeth, of which, it would seem, some traces might well be 
preserved. 
But among the oldest fishes are some described by Huxley whose 
tails are apparently protocercal. The resemblance to the earliest 
stage of Lepidosteus is emphasized also by the existence of two dor- 
sals and two anals. 
Fossil species of .Alnia and Lepidosteus have recently been dis- 
covered by Prof. )larsh in the Tertiaries of Western America. The 
.J.1fegalul'us of the European rocks had a tail strongly resembling that 
of Alnia, but this kind of tail is not known among the palæozoic rocks, 
and Teleosts are first found in the Cretaceous, becoming lnore and mon
 
numerous up to the present time. 
But among the earliest known fossil fishes are some in which the 
end of the spine is not at aU bent up; the tail is protocerca1. And, 
with two genera (Glyptolænt'Us and Gyroptychius) described by Prof. 
IIuxley, it may be possible to determine the correspondence between 
the two dorsals and anals and the two pair of differentiated spots upon 
the primordial mediau fin of the youngest Lepidosteus. · 
So far as the writer is able to ascertain, the protocercal tail is less 
frequent in later geological epochs, while the obviously heterocercal 
forrn, as with Palæoniscus, etc., becomes more and more ahundant. 
Apparently, therefore, the order of succession of the three or four 
kinds of tails c'oincides, in the main, ,vith the series seen in the grow- 
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ing Lepiclosteus j and the geological, the zoölogical, and the embryo- 
logical series, upon the whole, have a recognizable correspondence. 
So far, tbe writer has endeavored to give an outline of the natural 
history of the gar-pike as a peculiar American fish, concerning 'w}JÏch 
little has hitherto been published even in strictly scientific works, 
and almost nothing in a form generally accessible. 
In so doing he has purposely avoided the presentation of contro- 
versial points, or, in reference to the 'nonlenclature of the air-bladder 
and of the tail, has presented opposing views, with an abstract of the 
evidence, so far as known to him; admitting his inability, as yet, to 
form a definite conclusion. . 
But there is another and, in some respects, most interesting and 
. .Ílnportant light in which the gar-pike may be considered, nan1ely, ås 
to its relations with other fish-like forms. 
Is Lepidosteus merely a somewhat peculiar fish? Or may it, with 
Polypteru8 and some fossils, be separated as a distinct group? Or 
should there be added to this group .Amia and the sturgeons? Or 
should the catfishes and their kindred, with the pipe-fishes, globe- 
fishes, and others, be likewise included? 
Upon ,vhat grounds may this group be defined? 'Vhat is its 
grade, class, sub-class, or order? And how may it be subdivided? 
Attempts have been made to find answers to these questions by 
the study of the scales, the skeleton, the limbs, the gills, and various 
internal organs. The embryology of the sturgeons is not ful1y known, 
,vhile nothing whatever has been observed of the earlier stages of the 
so-caned typical Ganoids. 
It is probably ,vithill the truth to say that, from the tilne of Cnvier 
down, no two authors upon fishes agree upon all the points, while any 
contemporary discussion, whether verbal or in print, is almost certain 
to be attended with a degree of heat quite incompatible ,,
ith the ap- 
parent importance of the subject. 
The fact is, however, tbat the so-called Ganoids occupy a very 
peculiar position. None of them can be touched ,vithout affecting the 
entire series of fish-like forms. Ichthyology is in a state of instabiJity, 
and every important new fact, every decided expression of opinion 
by high authority respecting the Ganoids is liable to require a revision 
of all our ideas. 
To present eyen an outline of the many views, and of the facts and 
considerations upon which they are based, 'would require an entire 
article, with many figures and sonle anatomical description. 
To the reader who has become interested by the foregoing inlper- 
fect sketch of the gar-pike, and who has the good fortune to live within 
reach of it, of An-da, and of the sturgeons, the ,vriter would earnestly 
rccommend a careful and systematic investigation. of their habit sand 
their structure-especially that of the brain-and of their dcvelop- 
ment, as likely to furnish the most reliable basis for their cla
sification. 
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RELATION OF TILE AIR TO TIlE HOUSE vYE LIVE IN.. 


By DR. MAX VON PETTENKOFER, 
PROFESSOR OF HYGIENE AT THE rNIY"ERSITY OF l11UNICH. 


W E shall devote this evening to the consideration of some hygi- 
enic functions of the house. 2 On the whole, the house has the 
same hygienic object as our clothing: it has not only to keep up the 
intercourse with the atmospbere surrounding us, but to regulate it 
according to our wants. No more than our clothing ought the house 
to be a contrivance for excluding us from the air outside. III sonlC of 
their forms ,ye can also trace a certain mutual transition. 'Tbe cloak 
and the tent are cousins. The heavy circular cloak of fornler tin1es 
mIght ,veIl be styled a })ortable tent, and the telit a fixed cloak; both 
have their necessary openings. So the llat lnay be considered the 
roof of onr clothing, and the roof tbe head-gear of tbe bouse. 
"T e n1ay then natural1y suppose that tho..se Inateria1s which are 
advantageous for the building of our habitations must stand in Ron1e- 
what the same relations to air, ,vater, and heat, a
 the materials we 
use for our clothing. 'Valls allo,v air to pass through them, and they 
must do so to a certain degree, if \ye are to })reserve our health within 
them 'with some cornfort, and without injury. Current opinion 
is certainly opposed to Iny assertion. about the permeability of 'walls 
to air, even more so than to that about the })erIl1eability of our 
clothing; but it is eas}
 to sho",. that current opinion labors uuder an 
error which has no other basis than the insensibility of our s
nses to 
the movement of the air, if the saIne is .less than nineteen inches per 
second. This is the cause of the fallacy that no motion of the air 
takes place. Just as well might we deny the earth's rotation round 
its axis at the rate of more than a quarter of a mile per second, be- 
cause we are not in the least a,vare of this tremendous velocity. Only 
very late and slowly have our n1inds opened to the conviction that 
after all the earth moves round the sun, and not the !'un round the 
earth, and that our eyes had all the while been mistaken. 'There 
must exist something of a higher nature, of a greater power, than our 
sensuous.perceptions, and that is science, which examines and }wobes 
our perceptions. Science has not the l
ast power o'"er Nature; sho 
cannot conlmand any alteration in Nature, cannot give it any laws- 
1 Abridged and translated by Augustus Hess, M. D., member of the Royal College of 
Physician!;;, London, etc. 
2 In England, owing to the manner of building, the smaller size of the houses, the 
open fireplaces, and the badly-fitting windows and doors, we suffer less fl'OID defective 
ventilation than in Germany; and, although some other domestic arrangements, though 
far from fauJtless, are superior to those usually met with in Germany, nevertheless, the 
general laws are the same, and ought to be generally understood.-TRANSLATOR. 
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she can only recognize the laws of Nature. But science changes the 
notions of man, and often reverses them. Ideas and notions based on 
science enrich us, partly directly, partJy indirectly, ,,'ith new means 
of making use of natural laws. It 'vas not till astronomy bad found 
and determined celestial mechanics that the human n1Ïnd ,vas enabled 
to begin that development of the mechanical elelnent 'which is the 
pride and the power of our period as compared with fornler tinles. 
If, then, we are hopefully satisti,ed with endeavorill'
 to increase 
o 
our insight, our science of tbe things that are, tbe benefit will not fail 
to come, and everything is beneficial of which man learns to make 
use. This requires time-often a very long time-as old experience 
teaches. 
The task of science is to lay hold of everything perceptible, and 
to penetrate it-the small as well as tbe great. The insect and its 
life is just as interesting to science as the elephant, and therefore I 
believe that I may occupy myself with 'that air ,,,hich flows through 
our walls, althQugh its motion is not recognized by our !Sensations. 
'Ve may conclude from many facts that' walls are })ermeable to 
air. No one maintains that houses have water-tight wans, and every- 
body knows that masonry is easily penetrated by water. '\Vherever 
a wall is in perpetual contact with ,vater, it becomes so soaked that 
at last water comes out in drops on the other side. Certainly, "There 
water can pass, air must pass much more easily, because air is seven 
hundred and seventy times more light and movable t}lan water. It 
is very easy to construct water-tight apparatu
es and vessels, but 
very difficult to make them air-tight. Still people are surprised when 
they hear of a change of the air through a wall; they see, of course, 
and feel the water in the ,vall, but of the air in it their senses llave no 
direct perception. 
But we have means to demonstrate to our senses the pa
sage of 
air through our building-materials; we llave only to lead tbe air 
which comes against some large surface of 'wall into and through a 
narrow tube. I will prove thiR to you by ex})erimcnts; but you have 
often seen the same thing before, 'when you ,vere looking at SOlne 
piece of water which had some small in- and outflo,v. These may be 
in lively motion and driving mills, but on the whole surface the water 
seems to be completely at rest. But, if we do not see any water run- 
ning in and out, we d
clare the whole to be stagnant, and we may be 
very much mistaken. 
I have here a cylindrical piece of mortar, balf lime, half sand, five 
inches by one -and two-thirds. The cy1inder has been covered all ovcr 
,vith melted wax, which is inpermeable to air, with tIle exception of its 
two circular ends. You see this glass funnel, ,vith a tube. I fix it on 
one circular end, where the mortar lies free, and make an air-tight 
connection by ,vax with the waxen coat of the cJ lindcr. If I blow 
through the tube, the air must appear on the free nlortar-cnd, p1'o- 
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vided the nlortar is permeable to air. It has as yet no effect on the 
flame of this candle, because its velocity is not g
eat enough. But if 
I fix a funnel on the other end of the cylinder, the air which has passed 
through t'be mortar can only escape through its narrow end, and there 
you see the flame sensibly deviating. You nlay e\'en succeed in ex- 
tinguishing it altogether. The velocity of the air in going through 
the tube must increase in proportion as the transvprse section of the 
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tube is snIaller than the mortar
surface, out of \vhich the air escapes, 
exactly as with the water of the pond and its in- and outflow. 1{ ow, 
when I dip the end of one tube into. water, you see and hear the air 
which has passed through the mortar escape fronl the ,vatpr. If you 
make a similar arrangement, with a piece of wood, or a brick, you will 
see the same result. 
1\lost kinds, also, of sandstone are so porous that water and air 
easily pass through then1. Solid or quarried limestones are scarcely 
permeable to air, but, as they are mostly of irregular shapes, they re- 
quire nlore mortar, and that is the reason why such walls are, after 
all, not so luuch more air-tight than walls made of regular bricks and 
thin layers of lllortar. Observations have been taken of the average 
quantity of mortar used with different building-stones. We may sup- 
pose that, taking the wall as a whole; it is one-third with quarried 
Jime, one-fourth ,vith tufaceous lime, one-fifth to one-sixth with bricks, 
one-sixth to one-eighth with ('ubes of sandstone. In practice, then, 
the quantity of the mortar rises with the decrease of porosity in the 
building-stones, and assists in. keeping the walls pervious to air to a 
certain degree. 
It is self-evident that the quantity of air which })asses through 
building-lnaterials of a certain thicklless must increase in proportion 
to the surface; two square feet must give passage to twice as much 
air as one sq narc foot. I shall speak of ventilation in connection with 
this later on. 
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The effect of ".etting porous materials iB quite surprising. In pro- 
portion as the pores fill with water, they become impervious to air. 
The adhesion of ".ater to stone and mortar is greater than that of uir, 
by as much as ,vater is heavier than air. It is not difficult to blow 
great volumes of air thr9ugh dry mortar and dry bricks, but it requires 
a great exertion to drive a fe,v drops of water through the same mate- 
rials. You know this cylinder of nlortar (see above). Instead of 
blowing air through it into ,vater, I ,,-ill suck the air out of it: you 
see now the water rise in the tub and wet the surface of the 1110rtar. 
N ow I'll try to blow again air through the mortar; I cannot, with 
all my exertions, because the pores of the mortar are filled with water. 
This simple experiment lays bare the great hygienic disadvantage 
()f ,vet ,valls; they are air-tight, not to speak of other injurious effects. 
We all know that new houses are dreaded on account of their 
humidity. In some countries there are regulations by law, and ne,,,. 
houses must be approved with respect to tbeir dryness before they may 
be let. But the notions about the causes of their humidity, and the 
means of removing it, are very different and discordant. Allow nUl, 
therefore, to explain how water gets into the new house, and ho,v it is 
to be got out of it. 
I need not, call to your mind the first steps in a building operation, 
and how soon a connection is made ,vith some abundant source of 
water, and that a great deal of water is required for making the mor- 
tar, etc. Let us now try to come to an estimate of tbis quantity of 
,vater. 
Suppose that 100,000 bricks w'ere used for a building, each 'weigl)- 
ing ten pounds. A good brick can suck up more than ten per 
cent. of its weight in water, but "rp will put do,vn at five per cent. 
what gets into it by the manipulations of the bricklayer. 'Y' e ,,-ill 
assume that tbe same amount of water is contained in the Inortar, a 
quantity certainly much underst.ated, although the mortar fonns only 
about one-fifth of the walls: we have thus 100,000 pounds of ,,-ater, 
e q ual to 10 000 o-allons ,vhich must have left tbe ,valls of the house 
, 0 , 
before it beCOTIIúS babitable. 
The two principal ways in which wet or damp ".a11s are injurious 
are: 1. By inlpeding ventilation and diffusion of ga
es, through th
ir 
pores being closed up or narrowed by ,vater; 2. By di
turbing tbe 
heat-economy of our bodies. Damp ,valls act as bodies abstracting 
heat in one direction; tlJeY absorb heat by tbeir evaporation, and act 
1ike 1'ootns which have not been ".armed thoroughly; they are bet- 
ter conductors of heat than dry walls, ju
t likf' wet garments, and 
considerably raise our beat-losses by a one-sided and increased radia- 
tion. Diseases ,vhich are kno'W'n to b
 often caus
d by cold are p
r- 
tìcularly frequent in danlp d wellings-rheunlatism, catarrh, chronic 
Brignt's disease, etc. 
'Vhat can ,ve do to get rid of that in1mense quantity, of th
se 
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10,000 gallons of water, before we remove into the new house? All 
this water-we cannot make it run off, we cann,ot squeeze it out, we 
cannot boil it away-it must take its leave in one way, a very safe but 
rather long one, that of spontaneous evaporation into and by the air. 
The capacity of the air for receiving water depends on the different 
tension of the vapor at different temperatures, on the quantity of ,vater 
already contained in the air flowing over a moist body, and finally on 
the velocity of that air. For the first two moments let us aSSUllle the 
average temperature of tbe year to be about 50 0 Fabr., and the average 
hygrometric condition of tbe air to be seventy-five per cent. of its full 
saturation. Under these conditions, one cubic foot of air can take up 
four grains of water, in the shape of vapor, but as it contains already 
seventy-five per cent. of these four grains, whicb amounts to three 
grains, it can only take up one additional grain. As often, then, as 
one grain is contained in the 10,000 gallons of ,vater mentioned 
above, as many cubic feet of air must come in contact ,vith the new 
walls, and become saturated with the water contained in them; or 
about 700,000,000 cubic feet of air are required to dry the building 
in question. 
I will at once pass on to the consideration of a subject ,vhich some 
of you may be acquainted with already by experience-I mean the re- 
appearance of damp in new buildings, which bad seemed quite dry, 
after they had become inhabited. There appear damp spots on walls 
and in corners, the panes in the windows sweat, and the air becomes 
musty and oppressive. IIow does tbis ,vater return, after the house 
has been declared and considered dry? 
Iost people, because they 
see it only then, suppose th
t. there is a new formation of water in the 
wall, or that it ,vas set free by tbe presence of t.he new dweUers. 
11ere, again, our sensuous perceptions mislead our judgment, and give 
us no clew as to the circumstances under which nloisture in the walls 
becomes visible to our eyes and humidity produces a damp 
pot. I 
produce here a piece of brownish-yellow paper of somewbat indistinct 
tint. Wbere I wet it with water, the color appears more intense, 
darker even, just as if the water had been colored. N o,v tbe paper is 
getting dry again, and tbe former appearance comes back. 
Some of you may laugh at me for making sucb ä trivial experi- 
ment, but I beg to ask, What is the reason of this action of the wa- 
ter? It, takes place only on porous colors or colored surfaces which 
are porouR, only on aquarellcs or frescòes, scarcel}
 on porcelain or 
glass paintings. If the ,vater cannot penetrate into the color it can- 
not alter its appearance any more than that of a colorless, transparent 
glass. 
Oil-paintings, when tbey are ne\v or lately varnishEd, are in this 
respect like glass-paintings, but when they get old
r, some of tlw col- 
orR, by the longer action of the air, get dull, and then ,vater has the 
same effect on them as on tbis paper. It gives tbem a fresher appear- 



RELATION OF .AIR TO THE IIOUSE JVE LIVE IN. 201 


ance till it has dried away. This is because all oil-colors become po- 
rous in the course of time. 
For ,vater to penetrate thus into the colors, we are entitled to as- 
sume that there must be free spaces within them to receive it, pores 
and interstices. These cannot have been vacua before but must have 
, 
contained air. This air in the painted surface is displaced by the wa- 
ter, and hence the difference in the optical effect. Air and water have 
different optical properties. In the fir
t instance our colors-dry and 
dulled-are mixed with air; in the second instance with water. 'Va- 
teI' refracts, disperses, and reflects light quite differently fronl air; 
therefore it must have quite a different effect on colors when it gets 
admixed ,vith them instead of air. The whole question has been 
more fully treated by me in a little treatise on oil-colors and the preR- 
ervation of galleries; it may suffice here, and for the present, to 
kno\v tbat damp spots on a wall can appear only when the pores are 
filled with water or some other transparent liquid. Our t;ensations 
have rightly taught us to associate the words dry and airy, damp and 
confined. . 
If ,ve have moved into a new building too soon, we may be de- 
ceived by its appearance. It is quite possible tbat -the walls have be- 
come sufficiently free from water and full of air for the colors of the 
papers and \valls to appear mixed with air and free from all interstitial 
water; still, we are not entitled to suppose that all water bas left the 
walls. A good deal may remain unnoticed, provided some air is 
lodged in the pores of tbe surface sufficient to produce the optical 
effect of real dryness. 
Ho,v does it, then, bappen that, on receiying their conlplement of 
inhabitants, the pores of tbe new walls beconle ol)structed, partly or 
locally, by water? The ordinary explanation is completely erroneous, 
although it sounds quite scientific and rational, and has its place in 
books and lectures on chemistry. It is stated that it is the effect of 
carbonic acid on the hydrate of lime which renlained in the mortar. 

fortar is a very interesting ol)ject, and I regret that I cannot enter 
more fully into its nature and process of hardening. I'll tell you so 
much, that the burned and slaked lime used for its pre})aration is a 
compound of lime (oxidized calcium) and water, the aboye-mentioned 
hydrate of Hme. This, by the action of tbe air, is cbanged into car- 
bonate of linle. This change takes place at first yery rapidly, and to 
the extent of about one-half but then slower and slower, 
o that in 
, 
very 01<1 masonry one finùs frequently some of the original hydrate of 
lime. This is a perfectly dry substance, ,vhich yields none of its wa- 
ter to air which is dry and free from carboni(' acid. ''''"hen change<l 
into carbonate of lime, the water, which as a 11ydrate it contained, 
chelnicall y con} bined is set free ,,,hile the lime ánd the carbonic acid 
, , 
combine. This ,vater is conImonly considered to produce the daInp 
spots which appear here and there in ne,v buildings. It has been in1- 
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agined that the respiration of the new inmates increases the amount 
of carbonic acid in the air, and accelerates th
 process, setting free 
the ,vater, which renders the wall damp and chokes 
p its pores. 
This. explanation is not based on any single direct observation 
made on the "...a11 itself; it is nothing but a specious conclusion. Al- 
though hydrate of lime exposed to air which contains carbonic acid 
changes into carbonate of lime, no one has ever found it becoming 
rnoist, The liberation of the ,vater, ho'wever much it may be acceler- 
ated in the indicated ,vay, is unable to refill the pores of the wall, 
,vhich were supposed to be already filled with air
 To do this it "\\Tould 
be necessary that the ,vater in the hydrate should not have occupied 
any space, or that, when set free, it underwent such an ex})ansion as 
water becoming a gaseous substance. All scientific analogies and ob- 
servations protest against this. Changes of solid into liquid bodies 
take place without any considerable increase of volume; it is different 
with the transition of liquids into gases ,vhen the increase is yery con- 
siderable. 
It is only by the complete choking up of the pores by water, and 
the complete expulsion of the air froln the surface of the wall, that 
the damp spots can be formed; and the freed water of the hydrate, 
,vhich cannot fill a space ,vhich it had not filled ,vhile in its former 
combination, cannot do this. So the absorption of the carbonic acid 
is unable to produce the required increase of volume. 
The fresh spots in new buildings can only arise from the precipita- 
tion of water from the air on the walls. 
The inhabitants of a house give rise to a great amount of watery 
vapor, not only by the fun,ctions of their lungs aud skin, but also by 
tbe numerous manipulations of the household, such as cooking, ,vash- 
ing, cleaning, etc. If the air in the house is already saturated with 
water in proportion to its temperature, a small degree of cold in the 
waU is sufficient to produce a dew, a precipitation of ,vater from the 
vapor, just as one sees it on windo\v-panes. But the porons wall can 
imbibe a good deal, and in old buildings we may see the windows 
sweating profusely while the ,valls seem to remain dry. It may last 
a long tÏ1ne before a well-constructed wall or partition giycs any sign. 
They go on condensing water till their pores are filled and all the air 
expelled-then, not slowly and gradually, but all at once, numerous 
damp spots make their appearance. 
It is, therefore, clear why those youngsters of houses are so much 
more subject to damp spots than their brethren of more mature age. 
Their walls have lost just enough of the bullding-,vater to 3.llow the 
air to occupy part of the pores; optically, they seem dry, but still 
very little water is required to choke up the pores here and there 
anew, and ,vherever this takes place the spots brèak out. The 
ffect 
of a fire is very instructive; nothing produces damp spots so easily in 
a fresh building as the first fire, ,vhen doors and "rinùows are well 
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closed. The heat froIn the fire begins by heating the places nearest 
to it, and a good deal of water evaporates, so that the air in the room 
must come nearer its point of saturation, But at a distance from the 
fire, the "TaUs being colder than tbe air, dc,v falls, and, if the pores 
still contain great quantities of the building-"yater, they soon begin 
to overflow. 
Anotber proof that the water cbemically combined with the hy- 
drate of lime is not able to fill tbe pore
 when it becomes liquid lies 
in its proportionately small quantity. A house built let us say with 
, ., , 
100,000 bricks, contains, at most, about 33,000 pounds of burned lime. 
This cannot combine with more tban about 10,000 pounds of ,vater in 
becoming a hydrate. By the time the mortar is bard and set, and the 
building becomes inhabited, probably one-half of the lime has become 
a carbonate, and there remain only 5,000 pounds of water in the re- 
maining hydrate, which is five per cent. of the ,vhole Inass of 100,000 
pounds of water which got into the uew building during its erection. 
If, then, the other ninety-five per cent. of the building-water ,,'ere 
gone, the five per cent., or even ten per cent., remåining, or formed by 
tbe change of bydrate into carbonate of lime, would not produce tIle 
optical pbenonlenon of danlpness. 
I have dwelt somewhat longer on this subject because it is indis- 
pensable for a correct vie,v of the function of the "
all: the removal 
into tbe open air of a great })art of that watery vapor .which develops 
itself in every human household. Our walls have to s\vallow a good 
deal of that vapor as ,vater, and to pass it on through tbeir body that 
it may evaporate on their outer surface. That is the reason ,,
hy 
localities looking to the north, or sb3ded from the sun, are so much 
dalnper. This appears m05t clearly in unheated l,laces, chiefly at the 
transition from winter to spring, when it is "
armer outside than in- 
side. We are glad to have once more the ,vindo,vs open to let the 
tepid spring air gladden the cold interior; but a good dcal of 'water 
will soon be seen deposited on the ,,"aIls and the objects within the 
rooms, which has to evaporate .i nst as from a ne\v building. 
You are now wen a"rare of tbe usefulness of porous buiIàing-Ina- 
terials; they alone can make dry dwellings. I cannot hclp tI}inking 
badly of all the substitutes for "rood, brick, and mort3r, which have 
been proposed, as zinc, iron, }1Utty, etc. Perhaps the natural functions 
of the mortar-wall nlay one day be efficiently exercised. by something 
el
e; for the present it has not been done, and ,,
ill not be done as 
easily as many so-called practical pcople suppose. 
Let me just relate to you a case, which shows that, without a cor- 
rect vie"r of the functions of "yalls, an apparently excellent plan may 
just produce the reverse of what was intended. In the npighborhood 
of iron-smelting works, the slag is often used for building-purposes. 
This material, associated with other stones, docs very "yell. As it 
exists only in very irregular shapes, it requires large masses of mortar, 
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and in our case this was believed to be undesirable. So it. was de- 
cided to take only large regular pieces for the erection of a large 
workmen's J welling, by which means the application of mortar could 
be reduced very muúh. It ,vas a pleasure to see how quickly the 
building proceeded, and how much more quickly it got dry and habi- 
table than other buildings, ,vhere irregular pieces and much mortar 
had been used. As soon aH the workn1en and their families began to 
live in the ne,v building, the traces of damp began to sho,v, and at 
last the house became the dalnpest in the ,vhole establishment, and 
remained so. The thin layers or bands of mortar could not dispose 
,veIl of the water ,vhicb 'vas deposited from the air in tlJe house, and 
this was the 'vorse, as the slag is not like brick and nlortar, which 
suck the ,vater up, but is a vitrified substance, on which ,vater pre- 
cipitates as on a window-pane. 
But ho,v are we to judge, in a given case, whether a house is suf- 
ficiently dry ? No doubt, in every locality a practical experience 
establisbes itself, founded on the knowledge of the usual material, the 
manner of building, and the climate. But if, as in some countries, 
some authority has to declare a house dry and habitable before it is 
to be let, there ,vill be no end of disputes between this authority and 
the proprietor, because, after all, apart from the age of the building, 
the verdict of the experts will be given on their subjective vie,v, not 
on definite and palpable signs. You knoW', already, that the absence 
of damp spots means very little. Feeling by the hand the temperature 
of the walls, knocking at them ,vith a little hammer, are all of not 
much good. Not a bad plan is to get from different places in tbe 
house small pieces of mortar, and to have them examined as to their 
contents of evaporable water, which ought not to be more than five 
per cent. of the weight. But ,ve may have fallen just on- dry places 
only, and get considerably deceived. Direct and comparative hygro- 
metric observations would be best, but the necessary preliminary re- 
searches for this kind of examination are still to be made. 
But ,vhat is to be done if a new building is to be brought quickly 
and surely into a condition of dryness? I have been obliged to shake 
your belief in the one means which appeared to exist, the development 
of carbonic acid by burning charcoal in basins or o-pen stoves. But. 
I shall try to give you something in exchange for what I have taken 
from you. This something is nothing but an appeal to ,vhat we have 
learned above. There are no means of r
n1oving the water from a 
fresh building Lut hy letting. it evaporate into the air. This eyapora- 
tion, you kno\v, depends on the temperature, the humidity of the air, 
and its velocity. 
Imagine to yourselves a moderately-sized room of 3,530 cubic feet, 
and the temperature and humidity of the air at the above given mean 
averages. As one cubic foot of such air is capable of t:lking up one 
additional grain of water, the air of the whole room will take up 3,530 
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grains, or about half a pound, of water. Should there be no change 
of the air, matters would remain so. But by every fresh 3,530 ff'et 
of air coming into the room another half-pound of water ",
oula Le 
taken up, and so on. Huppose the change amounts to 353 cubic feet 
per hour: all the moisture we get rid of per hour would be only 353 
grains per hour. But if we heat the room to 6S o Fahr., for instance, 
,,?e increase the tension of the vapor, i. e., the capacity of the air for t31..- 
ing up ,vater, from four to seven grains per cubic foot, so that each cubic 
foot of fresh air entering the room is ca pable of taking up seven instead 
of four that means four grains in addition to its original humidity; 
In consequence of this increased capacity, the 353 cubic feet of air. 
take up 1,412 instead of 353 grains of water. But by the increa
cd 
difference of tenlperature between the room and the open air, yentila- 
tion rises from 353 to 2,100 cubic feet per hour, and in this way we 
get rid of more than t,venty times as much ,vater as if w..c left the 
roon1 unheated. 
All kinds of stoves and charcoal-dishes act only as sources of heat, 
and not as sources of carbonic acid. The only rational and l'fficicnt 
,yay is the heating of all the chimneys and stoves, and the continual 
ventilation of all tlte 'rooms. All other ,vays are of no use, or df'cep- 
tive. 
Yon have seen that the wall has its physiology, a life of its own. 
Perhaps you will no longer find it so 
trange that 1\laster Quince intro- 
duces not only a pale moonshine and a rough lion, but also a "8,,-ect 
and lovely wan" as a living and talking person. I had nInny things 
more to tel1 you about the wall, but I have still another suLject of 
special ilnportance before me-the change of the air in tlle houEe, or 
ventilation. 
"T c have seen already, in speaking of our clothes, that the ,vell- 
being of our body requires a continuous current of air to flow round 
us, and for the same reason a flow of air must take place continually 
from the open air through our dwellings. It used to be a current ùe- 
lief that in the still air of our houses ,ve were separated and shut oft 
from the external air. You know tbat this error arises from our nerves 
and senF:es believing the air to be quite calm and lllotionless, although 
there may be some movement. We must be thankful to our Creator 
for this our error, else "
e should probably have ceased to exist. IIow- 
e'
er anxious ,ve may }lave been to shut ourselves up from the external 
air, we still remain in connection and intercourse with it, No house 
can hav'e an atmo.sphere of its own; it has that by,,,hich it is sur- 
rounded, which travels and flow's through it slower or quicker, while 
the house, and ,vhatever exists and goes on in it, have no other power 
than to render this air 1110re or less impure. 
This pollution mu
t not overstep a certain line, and this line de- 
pends on the proportion between the pollution aud the change and 
volume of the air-current. 
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We change and pollute the air within our houses in two ways: 
1. By admixture of substances ,vhich were ,not in the air when it 
came :to us; and, 2. By changing its normal composition. Both 
are unavoidable, but there are limits, which must not be overstepped. 
The impurities may be in the nature of gases, or dust. 'Ve often be- 
come aware ofthelll by our senses, by sight, by taste, mostly by smell. 
The last sense is exceedingly sensitive for many substances; for in- 
stance, traces of ethereal oils. Nothing is more wonderful than its 
acuteness with SOIne savages and animals. If we consider the minute- 
ness of the substances left by hunted game on the soil, which it 
scarcely touches in its flight, and how the dog detects th
m even a 
long time after, we cannot sufficiently admire such a performance of 
the sense of smell. Other substances make themselves known in other 
ways, sometimes by some physiological effect. Oxide of carbon, for 
instance-a gas which is generated frOln burning charcoal-is not 
perceived by any of our senses, but if it is prèsent in air to the extent 
of a half per cent. only, it destroys human life after a while. A few 
grains of veratria, rubbed down into a powder, will set all tbe persons 
in the room sneezing. Other substances, as tbe products of distilla- 
tion of fats, or the smoke of wood, irritate the membranes of the eyes. 
Other vapors and kinds of dust act on the taste; for instance, aloe- 
powder. 
"'\Ve rightly consider all air, ,vhich acts on our senses or our feel- 
ings differently from air in the open, to be polluted. 
The second way in which we render the air impure on its journey 
through our houses is that of altering the quantities of its compo- 
nents. We deprive it of oxygen by our respiration, by the burning 
of lights and fires; we increase its carbonic acid and its ,v,ater by the 
activity of our lungs and skin, and by numerous proceedings of the 
household. 
All these pollutions and alterations are partly avoidable, pai"U)'" 
unavoidable. Among the latter are those by our lungs and skin, be- 
cause we cannot live without producing them. To the former belongs 
everything that fi"Oln want of cleanliness, careless treatment of waste 
and refuse, passes into tbe air-current, the utilization of which ought 
to be the privilege of our skin and lungs. It is an inexcusable waste 
of ventilation, if it is directed against avoidable pollutions of the air, 
besides its being generally of not muc.h use for this purpose. If I had 
a nuisance in my room, I should be a fool if I kept it there and trusted 
to stronger ventilation. The rational way is to do away 1vith the pol- 
lutions, not to keep them and to fight them by ventilation. 'Vithont 
strict cleanliness in a house or public institution, all contrivances for 
ventilation w
ll not do much good; the proper domain of ventilation 
begins where cleanliness, by rapid removal or careful shutting up of 
air-polluting substances, has done its best. It is only against the de- 
terioration of. the air by respiration and perspiration, which is beyond 
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the control of cleanliness, that ventilation can direct its power, and 
against this deterioration this power must be chiefly directed. 
Let us no,,,," consider the ditl'erent causes of the motion of the air. 
As air in motion is wind (ventus, Latin), ventilation is a better expres- 
sion than "airing." Anything which disturbs the equilibrium of a 
body of air, produces motion in it. Its immobility supposes equality 
of temperature and specific gravity, and also of mixtul'P in quantity 
and quality. Such conditions, as you may suppose, are seldom present, 
and absolute calmness is impossible. Different kinds of o-ases tend 
::" 
to intermix in every direction, even contrary to their specific weight, 
a process which is called diffusion; but this kind of motion is not in 
question when 've speak of ventilation. Ventilation means the setting 
ill motion of masses of air by mechanical pressure and the dislodging 
of 'v hole bodies of air similarly composed, which, for that reason, are 
not subject to diffusion. 
"'\Ve produce ventilation by disturbing the equilibrÍtun of the air 
in two ways: 1. By producing differences of t,emperature between 
two neighboring bodies of ail', which are accessible to each other; 
2. By mechanical pressure on or driving off the air in a certain 
direction. We cause the same lllotion in either way, but the first we 
call draught, the second wind j we call forth a draught by a chimney, 
we produce a wind by a fan, a fan-wheel, etc. 
These t,vo factors of change of the air are continually active in 
our houses, but to a very different extent at different times. Our 
houses stand in the open air, which is never quite calm; even if it 
appears so, there is still some imperceptible motion, some ,vind dis- 
posable for ventilation. Then our houses are either colder or .warmer 
than the surrounding air. They act just like large chinlneys. If they 
are colder, the air which comes in contact with them gets colder, and 
a downward air-current is produced; if they are warDler, the air gets 
warmer, and an ascending current is established. 
It is evident that the intensity of the change must al
o depend on 
the way in which the house is shut up, on the size and number of its 
apcrtu
es, and the porosity of the materials it is built ,vith. 
For this reason a certain amount of ventilation is ahvays taking 
place ,vthout.any special arrangement for it, but its strength depends 
-1. On the amount of difference of temperature between outside and 
inside; 2. On the strength of the wind or air-motion in the open; 
3. On the size of the apertures which are open to the change of the 
air. 'Ve may call the first two the air-motors, the last the air-rnedia- 
tor or janitor, door-keeper; to a certain degree, they can take each 
other's place. If there is not enough difference of temperature, as, 
for instance, in sunlmer, the ,vind can act; if both together are too 
weak, opened doors and windows can help. In winter, when the dif- 
ference of telnperature between the in- and out-door air is consider- 
able, small openings allo,v the passage of as nluch air as large open- 
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ings during summer, because the difference of pressure is greater. 
When, in winter, ,ve stay in an unheated room; whose temperature is 
only slightly above that of the outer air, ventilation is quite as weak 
as in summer; the air, if the windows remain closed, becomes quite 
as bad by our presence, and we ought to air the room as in summer; 
but we do not, because ,ve want to protect ourselves against tbe 
outside cold. The dwellings of the lower classes present frequently, 
during tbe greater part of winter, this form of defective ventilation, 
'v hich gets ,vorse with the length of the cold season. In the be- 
ginning the ,valls are still dry and porous, and assist the yentila- 
tion, so far as the wind helps them to do so; but in proportion as 
they get colder, tbey increasingly eondense water from the air of the 
house, and finally become so choked up with it that they allo,v no air 
to pass, as yon have seen in our moistened piece of mortar. Bad 
doors and windows, unmended window-panes, remain often the only 
routes of ventilation. Poor people, in complaining of them, are not 
aware that they are the smaller of many evils, and a defect 'without 
which they might suffer still more. 
J\Iany of you, on hearing this, may be gratified by an unexpected 
personal satisfaction. Those who try to alleviate tbe poor man's \vin- 
tel' by gifts of fuel not only procure for bim the benefit of a 'warm 
room, but also of a better and purer air in this room. You may con- 
sider tbis as a scientific parable, showing that in each benevolent 
action there lies a further blessing, even if we had not intended it. 
It follows, from these fundamental principles of ventilation, that 
a great mistake is sometimes made in large dormitories. In the morn- 
ing the custom is to open the windows, and to let thenl remain opcn 
all day long, to be closed only just before bedtime. The popr slcepers 
fancy that they are sleeping all night in a pure air. 'Vhoever has oc- 
casion to enter such a place in the morning, before rising-hour, starts 
back before this" pure air," which had only been renewed during the 
night partially and accidentally, and is so loaded with all kinds of 
animal emanations that it presses with all its po\ver on the fresh 
con1er. If there is no sufficient difference of temperature between 
outside and inside, a partial opening of the windows_during a \vinter 
night is just as necessary as during a summer night, as fal
 as regards 
the change of the air. 
The bodies of the sleepers are cer
ainly a small source of heat, 
and such large sleeping-places become somewhat warmed by the hu- 
man heat flowing from the beds, but they can never be ,varmed through 
and through, so that the walls could become warmer. The water- 
vapor exhaled by the sleepers condenses against the ,valls, and goes 
on obstructing their pores till morning. A part of this water l11ay 
evaporate dUI"ing the time that the windows are kept open, but it will 
be only a part, and hence the frequent breaking out of damp spots in 
such dorlllitories in the course of the winter, 
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There was a belief that sleeping in the cold 'was a good thing; but 
I cannot find any facts })roving this theory, })articularly no COnl})ara- 
tive observations about the ,vholesomeness of heated and unheated 
dormitories. It ,,
ould be safer to say that experience proves t}13t 
sleeping in tlJe cold does not, generally, do harm. If a single }1erSOn 
slpeps in a large cold . room with shut doors and windows, it will do 
him no Larm when he has a good bed. One person chnnot deteriorate 
the air of an unventilated f'pace as much as t\VO or more. The bed is 
a garment, an apparatus, which is of great use for our heat-economy; 
it prevents our feeling cold even in the coldest dormitoI')T, but the bed 
is no ventilating apparatus, and ventilation nlust be }u'oyided for in 
another ,yay. lIe that wants to sleep safely in the cold must have a 
good bed and a large space, or 'Lad windo,vs and doors, or very porous 
'\valls, or lIe IllUst keep his windows l>3rt]y open in winter as well as 
In snmmer. 
You have l)robably now the desire to hear from me ho,v much air 
or ventilation a person 'wants in a stated time. ..After you Jlave all the 
,vhile heard from me that everything is full of ail', that air })enetrates 
everywhere, and tl1at it is extremely difficult to IJrevent its passage; 
many anlong you will ask: ,,"That need is there of special contI'h'ance
, 
if the air passes through each bri{:k, through mortar, through ,,
ood? 
'V ould it not be rather desirable to protect ourselves against tllis 
universal aggression of the air?" 
It is with air as with all tllings which we must have-as 1yith 
1110ney, of which "Te mùst not only bave some, but sufficicnt-one mnst 
ha Ye as much as one requires. Some money is, after a11, in every body's 
possession, even that of the poorest beggar. 
Tin some time ago, ventilation was chiefly C'onsidered in its quali- 
tative aspect: we wanted cllange of the air, and were satisfied if there 
"
as one aperture for it to go out, and another to come in. The ques- 
tion about the quantity of this air "
as never put; if it llad been 
known how much was really 'wanted, and ho\v it ".as to be procured, 
that amount of yentilation which "'as often paraded 'would llave 
appeared beggarly. It is only during tIle last twenty ycars that ,,-e 
have acquired clear ideas on this subject. 
We deteriorate the air of a closed space inevitably by using it for 
the maintenance of onr respiration and perspiration. To which de- 
gree, then, may 'we alter or pollute by our emanations the air of a 
closed spac(1, witllout going so far as to injure our health? TI1Ïs leads 
us to another preliminary question: 'Yhat standard have ".e for 
measuring- the de-terioration of the air? 
At all timps people have been in the habit of making some estimate 
of the pollution of the air by the smplI imparted to it by the respira- 
tion and clnanations of the persons 
taying in it. This estimate is of 
the smue value as that "Te 11aV(1 spoken of when on -the sul)ject of the 
water in the wans. The smell of a certain air need not be in any kind 
VOL. XI.-14 
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of proportion to the use which has been made of it already for the 
purpo
cs of respiration and evaporation. Bc
ides, smelling is a very 
subjective sensation, of very ditler
nt excitability in difterent persons. 
Altholigh generally a certain rule for judging the air of a room may 
be based on its smell, the decision, ill doubtful cases, will always be a 
subjective one. It ,vould be a ditlerent thing if '\'e could lay hold of 
the smelling particles in the air of the room, and Ineasure or \\Teigh 
them, and compare them with the volunle of air they were taken from; 
but ,ve haye no method of doing this; everything is left to our 
noses. 
For this reason I considered it indispensable to look about for 
some Ineans which ,vould make us independ
nt of our subjective esti- 
mate. I started from the excretion of carbonic acid, as it takes place 
from the living human body; its quantity in tbe .air can be ascertained 
easily and accurately. There is some in the open air, although very 
little; the question was, therefore, to find out its increase in a number 
of inhabited rooms, with notoriously good and notoriously bad air, 
and to draw a comparison. The correctness of this proceeding de- 
pends on the supposition that tbere are no other sources of carbonic 
acid but tbe inmates, that there are no burning flames, or tobacco- 
smoking, etc. I will not say that I consider the detected carbonic acid 
as the principal drawback to such air; it is, in my mind, the measure 
only for all the other alterations which take place in the air simultane- 
ously and proportionately, in consequence of respiration and perspi- 
ration; its increase shows to wbat degree the existing air has been 
already in the lungs of the persons present. All other functions in 
,vhich the air participate& keep in some proportion to the respiration. 
A series of examinations have resulted in the conviction that one 
volume of carbonic acid in 1,000 volumes of room-air indicates the 
liluits which divide good from bad air. This is now generally adopted 
and practically proved, ahvays provided that man is the only source 
of carbonic acid in the space in question. 
Suppose there is a known sonrce of carbonic acid: the determining 
the aluount of it in a room can also be used for measurin cr another 
b 
element, which would other,vise defy calculation-I mean tlJe amount 
of ventilation of a closed space of definite construction. Imagine to' 
yoursel yes a room with its walls, windows, and doors, its nUli berless 
penetrable places through ,vhich the air holds ingre
s and egress. It 
is impossible to measure the velocity of the air at each crack, to meas- 
ure each little hole, the diameter of each pore, even if one 1}:l<l the 
means of measuring such minute velocities and sections; yet still we 
should like to know how mucJl air .changes in a given space, and under 
different external circumstances. The only way apppared to me to be 
to mix the air of the rOOln in question with carbonic acid to a certain 
degree, then to break off this mixing, and to observe the decrease of 
the acid in . proportion to tbe air in definite times. J{nowing the 
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anlount of the arid in the'l
xternal atmosphere, 'we can calculate how 
much of the latter mu
t go on ulixiug itself ,,-ith tIlc room.air, to 
which carbonic acid has been added, in order that thc proportion of 
the acid lnay decrease by so and so much in a d.cfinite time. The 
action of ditl'usion or absorption may generally be left out of con- 
sideratiùn ill this calculatiou. I do llOt consider this luethoù to le 
absolutely correct, b
lt I have found it quite satb:factory ,,-hen a 
building \vas a few Yl
ars old, and quite dry. .A.t all evel1t
, until a 
better lnethod has becn found, ,,-e lllust keep to this one, even if it 
were stillless conlplcte than it is. 
By re
carches which are too complicated to 1)û eXplained in a }lOP- 
ular lccturt.>, it has been found that the ventilation of the fiame room 
or space, when the <1oors and Willdo'ws are shut, nndergofs considera- 
lJle and definite alterations under different circumstances. ,..,. cntilation 
has been found to be Jlluch greater than had been supposed before. 
On an average, in space
 in which the air kept good, there existed a 
ventilation of more than 2,100 cubic feet per head and hour. It is 
known that a person does not inhale and exhale more than eighteen 
cubic feet of air per hour, and so it was thought that 2,100 cuLic feet 
per hour ,vas a ridiculously large quantity for one person. 
But it has been shown, first in France, not ùy calculation, but 
quite elllpirically by sinlple experilllentillg, that this quantity of Yen- 
tilation is not more than is absolutely indi8pensn hIe. After the epi- 
demic of cholera of 1848, the erection of a model hospital in tbe Fau- 
bourg Poissonuière was decided upon, and the IIûpital la Riùoisière 
was erected, which "Tas to be furnished \vith artificial ventilation. 
The quantity of air w]}ich was required from the ventilating appara- 
tus was 
tated in the plan. It was believed that the demands }Jut 
under Nos. 4,5, and 7, of the plan for ventilation, were extraordiuarily 
large : 

4. Continuous ventilation of 'Warm air in winter and cold air in 
sun1nler at least 700 cubic teet per hour and bed in the large ,vards. 
5. 'T entilation during the day only at 350 cubic feet per bed in the 
rooms of the corresponding pavilion. 
7. The ventilating apparatus lllust have a surplus of strength, in 
order to he able to pruduce in all or some ward
 a ventilation double 
that statf'd
 
The air was partly propel1ed by fan-wlleel
, partly by yentilatÏIlg- 
flue
. It flowetl to and fro through pipe
 in the ".ards, and its yeloc- 
ity could 1)(1 Ineasured easily by anemometers. 
In pr
lilninary expEriments, a ventilation of 350 cu1>ic feet per bed 
ana hour ,vas tried, but the air was found already by the smell to be 
so 1)ad that the authorities congratulated themselves in lw,-iug pro- 
yitlec1 for douhle the strength. This ,,-as no,v tried, 1>ut with tIle 
same result, and it ,,-as a cODlfort to know that, for extraordinary 
cases, another 700 cubic feet per bed and hour could be outained; but 
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t}1en also the state of the air was anything but desirable. It was. only 
,yith 2,120 cubic feet that the medical and oth
r authorities fourd 
themselves satisfied. 
At présent the demands for ventilation in France sound very dif- 
ferent from wbat they ","ere about twenty years ago. 'l'heyare no,v 
per hour and })er80n: 


Hospitals for ordinary cases . 
" wounùeù 
" epidemics 
Prisons 
"
OIkshops, ordinary 
" unhealthy 
Barracks, day 
U llight. 
Theatres . 
Large rooms for long meetings . 
" U shorter" 
Schools for children . 
" adults. 


2,120-2,470 cubic feet. 
. 3,530 
, 
5,300 " 
. 1,766 " 
2,120 " 
. 3,530 " 
1,060 " 
1,410-1,76:5 " 


" " " 
2,120 " 
1,060 " 
424- 530 " 
880-1,060 " 


Such are the changes of times_ 
N o,v the many crevices, holes, and pores in our dwellings will no 
longer be considered by you as unlilnited means of change of the air, 
since you know bow large that change has to be; you \vill rather feel 
anxious whence to procure such enormous quantities when you sit 
quietly within your four walls where you do not feel the least draught, 
where no curtain moves, and a feath
r lies quietly on the floor. This 
sensation of calm we owe to the insensibility of our nerves-and yet 
the ai'J9 moves. 
In order to give you some idea of tlle influences of differences of 
temperature at'more or less ,veIl-shutting doors and windows; of a fire 
in a stove opening into the room, and of the partial opening of a "Tin- 
do,v, I ,vill giye you shortly the results I obtained ,yith the aid of the 
carbonic-acid measurement. The room 1) ad brick ,,-aIls, and its size 
was 2,650 cuhic feet. 
'Vith a difference of tClnperature of 34 0 Fal1r. (660 in- and 32 0 out- 
side), the contents of the room changed once in onc hour, equal to 
2,650 cubic feet. 
'Vith the same difference, but a good fire in the. stove, whose com- 
munication with t1
e cliÏmn
y ,vas made as free as po
sible, the change 
of the air rose to 3,320 cubic fcet, or about twenty-fiye per ccnt. When 
al1 openings, crevices in windows and doors, were thorongJtly pasted 
up, there ,vas still a cllange of 1,060 cubic feet per hour, or a fall of 
t,venty-eight per cent. 'Vith a difference of temperature of 71 0 in- and 
64 0 outside, the change amounted to 780 cubic feet only per hour. 
\Vhen opening a window. of eight square feet, the change rose to 1,060 
cubic feet per hour. These quantities are instructive. They show 
that a difference of temperature of 34 0 ,vith carefully-shut openings 
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and crevices is of greater influence than large communications with 
the outer air at a 15111all difference of temperature. 
The roaring fire and the draught of the stove produced only an 
increase of 700 cubic fcet-one-thirl1 only of tbe necessary ventilation 
per head. I have exan1Ïned a nU111ber of stoves opening into the room 
for the quantity of air ,vhich they abstract ,vhile the fire burns. The 
nnenlometer showed that it .was never n10re than 3,105 cuLic feet. 
Large "rards in hospitals, schools, etc." heated by one open fireplace 
or stove, are somctiules wrongly believed to be well ventilated, becau::,c 
one perceives the air rushing into the same. But the main point is to 
know the quantity of required air and the ql1antity of outgoing air. ' 
The free ,vall of a room of mine has been exan1ined fur its venti- 
lating power. The room contained 2,650 cubic feet, and at 9.5 0 Fahr. 
difference of temperature between outside and inside, the spontaneous 
ventilation through each square yard amounted to about seven cubic 
feet, or forty-three gallons per hour. 
l\Iärker and Schultze, in their researches on, tl)e s})ontaneous ven- 
tilation of stables, have found for one square yarù of a free wa]], at 
9.5 U Fahr. difference of temperature, that the spontaneous ventilation 

llllountcd per hour- 


"\Vlth walls of sandstone to 4.7 cubic feet. 
" " quarried limestone " 6.5 " " 
" "brick " 7.9 " " 
" " tufaceous limestone " 10.1 " u 
" "mud " 14.4" " 


Domestic animals, according to l\Iärker, require a proportionately 
smaHer change of the air than man. Stable-air may contain up to 
three per n1Ï1. carbonic acid. "
hile man's ventilation requires 2,100 
cubic feet per hour, 1,050 are sufficient for full-grown cattle, although 
their bodies and consumption of air are so much larger. The ven- 
tilation of stables depends chiefly on the size and porosity of their 
free walls. It has been found that the 1,050 cubic feet mentioned 
above were furnished by- 
21.16 square feet of a free wall of sandstone. 
15.33 "" u" quarried limestone. 
12.6 ,,(( "" brick, 
9. '7 "" "" tufaceous limestone. 
7 u" "" muù. 


A stable built up of mud can therefore shelter many more animals 
than one built of sandstone, etc. "As the strength of the natural 
'Vcntilation of a stable does not depend on the cubic space of the sta- 
LIe, hut on the extent of its ventilating wall
, it follows that in a 
small stable a proportionately grcater ventilation takes place than in 
a greater one, because for each animal there is more ventilating sur- 
face with equal cubic space." 
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This proposition naturally applies also to human habitations. The 
air will be better in a snlall falnily house than in large barrack
; bet- 
ter in a cel1ular than in a common prison, ,vhere the day and night 
,vards are large but crowded. 
The question arises, " 'Y"hat is to be done in all caRes in which the 
natural ventilation of the inhabited spaces proves insufficient, and 
allows the carbonic acid to becolne more than one per ] ,OOO?" I 
n1Ïght ten you no\v of the different systems of ventilation, the contriv- 
ances and apparatus belonging to them; but this is not 'feasible ,,"ith- 
out models and designs. And, after all, there 'would be no new prin- 
L 
ciples or natural laws to acquaint you ,,
itb. I believe I bave made 
you sufficiently aware of the fundanlental facts and conditions as to 
the change of the air in our dwellings, so far even that you are now 
able to judge for yourselves whether a certain plan for ventilation is 
rational or not. V\T e have no other motors for changing tbe air, but 
differences of temperature and motion of tIle air, which ,ve can call 
forth either by heat or by tbe motion of wind-fans-or ,vhich we must 
make use of as far as they are preëxisting in the atmosphere 
u)'round- 
ing the house. By these two means we cañ produce certain perturba- 
tions in the equilibrium of the air-columns, and through this certain 
degrees of velocity in the motion of the air. 
If we know the transverse section of the inlets and outlets, we 
h:lve only to multiply their su.rface by the velocity of the air, anc1 
this ,viII give the cubic quantity of the air which flo,ys through the 
channels in a certain tinle. If we know the required quantity of air 
and divide it by th
 transyerse section of the channels, "pe get at the 
velocity of the air in the channels. 'Ve ought not to establish a 
greater velocity than nine feet per second; it is better to enlarge the 
channels. These quantities must then be compared with the air 
required by each person, a quantity \vith which. you are now ac- 
quainted. 
If you take up the question of artificial ventilation in its quanti- 
tative aspect, you protect yourself at once against a series of errors 
into which else you easily fall. Our ordinary dwelling-houses need 
not be ventilated artificially; w'e ought never so to crowd them that 
the natural means of ventilation, as difference of temperature, motion 
of the air in the open, dry and porous walls, and temporary assistance 
by the architectural openings, are insuffiçient to keep undeteriorated 
,vhat is most essential for our health. "'P"ith these means there must 
go hand-in-haníl the greatflst cleanliness in all parts of the house, anel 
abstention from all superfluous and avoidable pollution of the air of 
the house. 
Before concluding, I am desirons of considering with yon an ex- 
pression which is in general use, but tbe frequent caRse of wrong' 
view"s about the change of the air. T mean tIle word draught. All 
kinds of complaints arc habitua1Jy ascribed to it, and the danger of 
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draughts is one of the few hygienic principles ",hicll have become 
thoroughly popular. Perhaps this was not all profit, because with 
many people ventilation and draught are synonymous; they are 
afraid of a draught coming from an open window, an open door, and 
find themselves in collision with ventilation. 
There is certainly and frequently danger in being exposed to a 
draught-a danger ,vhich lIas, perhaps, been over-estimated, because 
Inen bave an irresistible desire to fix a ,certain cause for a certain evi1. 
All collision is avoided if the proper meanings of ventilation and 
draught are thoroughly understood. 
Ti3ntilation is the necessary change of the air in a closed Fpace, 
at which the velocity of the air is still taken for a complete stillness, 
and its motion takes place all round our body. It must not be more 
than a little above nineteen inches per second. 
.Draught is a one-sided cooling of the body, or sonle part of it, fre- 
quently caused by a corresponding motion of cold air, but also in 
other ways, as by increased one-sided radiation. The danger is, in 
the first instance, the local perturbation in our' heat-economy, which 
bas partly local consequences, but also and chiefly disorders the 
nerves, acting on the calibre of our blood-vessels, our vaEo-motor 
nerves, w.hich have to regulate tbe outflow of our heat. 'Vhell we 
are in the open, and the air is in more motion than the air of a 
draught, we speak of wind, etc., but seldom í>f draught, because the 
whole air-current flows equally all round us, just as in a "
ell-Yenti- 
.lated room, only with greater velocity. 
The vaso-motor nerves, regulating the circulation in our skin, are 
beyond our control, and ,ve cannot bid them to defend us siInply at 
the place attacked 1)y the draught. They kno,v only ho,v to serve 
our heat-economy when the ontflo\v of heat from our bodies is equal, 
or nearly so, on all sides. They misunderstand the local irritation 
for one spread over the whole surface, and act at once on this error. 
If one perspires and goes to the window with bared neck or chest, 
one feels a shiver not only there but all over the body, and the per- 
spiration becon1es suppressed accordingly. The blood 'wl}ich at tbe 
time filled the blood-vessels of the glowing skin is displaced l)y the 
contractiol1: of its channels; but by the misunderstanding of the 
vaso-motor nerves it is driyen not only from the exposed })a1'ts but 
from the whole surface toward the internal parts. If one or SODle of 
them are in some state of weakness, danger or bad consequences 
cannot fai1. It is the same thing as with a large quantity of cold 
water taken in too quickly when the body is heated. A draught, then, 
is injurious only in so far as it canses perturbations in onr heat-econ- 
omy, and as these perturbations can be caused in differ
nt ways 'we 
often accuse the draught wrongly. 
'Ve hear often, "I don't like sitting near this window, close to 
this wall," and so on; "there is always a slight draught coming from 
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there. " We fancy that "
e feel the draught, tIle nlotion of a wind, 
but it is mostly increase of one-sided heat-loss by radiation toward 
the colù place. People generally believe, rather,' that the wind comes 
through the wall. But tbe velocity of such a willd is too slnall to 
be felt as air in motion, and a piece of carpet fixed to the suspected 
wall does away with the supposed draught. It could, therefore, not 
be caused by the air-rush through the wall, because the carpet is 
1uany tilues more permeable to air than the ,vall. 
I hope, in future, v
ntilation and draught will be to your mind 
two distinct things. 


... 


SPIXOZ
: 1677 AND 1877. 1 


By ER
EST RENAN. 


O N this day two hundred years, in the afternoon, and at about tbis 
same hour, there lay dying, at tbe age of forty-three, on the quiet 
quay of the Pavilioengragt a few paces hence, a poor nlan, whose life 
had been so profoundly silent that his last sigh was scarcely heard. 
He had occupied a retired room in the house of a ,vorthy l)air, 'who, 
,vithout understanding him, fclt for him an instinctive veneration. 
On the morning of his last day he had gone down as usual to join his 
hosts; theoo had been religious services that morning; tl)e gentle phi- 
losopher conversed with the good folk about what the nIillister had 
. said, much approved it, and advised thenl to confonn themselves there- 
to. The host and hostess (let us name them; their honest sincerity 
entitles them to a place in t'his beautiful Idyl of the Hague related 
by Colerus), the Van del' Spycks, husband and .wife, ,veut hack to 
their devotions. au their return home, their peaceful lodger ","'as dead. 
The funeral, on the 25th of Fcbruary, ,vas conducted like that of a 
Christian believer, in the new church on th
 Spuy. All the inhaùitants 
of the district greatly regretted the disappearance of tbe sage who 
had lived among them as one of themselves. His hosts preserved l1is 
memory like a religion, and none who had approached him ever spoke 
of him without calling him, according to custom, "thë blessed Spi- 
noza." 
About the same time, however, anyone able to track the current 
of opinion setting in among the professed-J y enlightened circles of tbe 
Pharisaism of that da y, 'would have seen in sino-ular contrast the 
, 0 , 
much-loved philosopher of the simple and single-hearted become the 
bugbear of the narro\v orthðdoxy which pretended to :1. monopoly of 
the truth. A wretc11, a pestilence, an imp of hell, the most wicked 
atheist that ever Jived, a man steeped in crime-this was what the 
1 Address delivered at the unveiling of the monument at the Hague, February 21, 
187'7, 
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solitary of tIle Pavilioengragt gre,v to be in the opinion of right- 
thinking theologians and philosophers! 
Portraits were spread abroad exhibiting hinl as "bearing on his 
face the signs of reproLation." A distiugnished philoso},her, 1uld as 
he, but le::,s consistent and less con1pletely sincere, call1'd him "a 
,,-retch." nut Justice w"a
 to have her day. The hunlan mind, attaining, 
. in Germany èE:pecially, towarc1 the end of the eighteenth century, to a 
morc enlightened theology and 3, wide
. philosophy, recognized in Spi- 
noza the precursor of a new gospel. Jacobi took the public into his 
confidence as to a conversation he bad held "Tith Lessiug. lIe had 
gone to Lessing in bopes of enlisting his aid against Spinoza. 'Y}lat 
,vas. his astonishment on finding in Lessing an avo"
ed Spinozist! 
"flEv Kaì ïrãv," said Lessing to hirn-this is the whole of philosophy. 
IIÏ1n whom a whole century had declared an atheist, N ovalis pro- 
nounced a "God-intoxicated man." I-lis forgotten works .were pub.. 
lished, anù eagerly sought after. Schleiermacher, Goethe, IIegel, 
Schelling, all with one voice proclaim Spinoza the father of modern 
thought. Perhaps there TIlay have been some' exaggeration in this 
first outburst of tarcly reparation; but time, ,vhich sets everything in 
its place, has substantially ratified Lessing's judgment; and in the 
present day there is no enlightened nlind that does not ackno,,
ledge 
Spinoza as the luan who possessed tbe highest God-con
ciousness of 
his day. It is this conviction that has made you decree tJlat his pure 
and lowly tomb should have its anniversary. It is the conlmon asser- 
tion of a free faith ill the Infiuite that on this day gathers together, 
in the spot that ,vitnessed so much virtue, the most select assenl b1y 
that a roan of genius could group round him after his death. .l\. sov- 
ereign, as distinguished by intellectual as by moral gifts, is among us 
in spirit. A prince ,,,ho can justly appreciate merit of every kind, by 
distinguishing this solemnity ,vith J1Îs presence, desires to testify that, 
of the glories of Holland, not one is alien to him, and that no lofty 
thinking escapes his enlightened judgment and Lis IJhilosophic admi- 
ration. 
I. 
The illustrious BARUCH DE SPINOZA 1\"as born at Amsterdam. at the 
time when ypnr republic was attaining its highest degree of glory and 
power. lIe belonged to that great race which, by the influence it has 
exerted and the services it has rendered, occupies so excpptional a 
place in the history of civilization. l\liraculous in its own way, the 
development of the Jewish people rnnks side by side ,vith that other 
miracle - the devplopment of the Greek mind; for if Greece, from 
the first, realized t11e ideal of poetry, of fo:cience, of philo
op]lY, of art, 
of profane life, if I Inay so speak, the Jewish people haR nwde the 
religion of humanity. It
 prophets inaugurated in the world the idea 
of ri g llteousness the revindication of the rights óf the ,ye3k-a re- 
o , 
vindication so much the Dlore violent that, all idea of future recom- 
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l)ense being unknown to them, they dreamed of the realization of the 
ideal 11 pon this earth, and at no distant period. It ,vas a J C\V, Isaiah, 
who, seven hundred and fifty years before Jesus Christ, dared affirm 
that sacrific\:s are of little importance, and that one thing only is 
needfn1: purity of heart and hands. Then, ,vhen earthly events seenled 
irremediably to contradict such bright. Utopias, Israel can change front 
in a way un paralleled. 
Tran
porting into the domain of pure idealism that kingdom of 
God with which earth pro\res incompatible, one moiety of its children 
founds Christianity, the other carries on, through the tortures of the 
middle ages, that imperturbable protest: "IIear, 0 Israel! the Lord 
thy God is one; holy is his name." This potent tradition of idealism 
and hope against all hope-this religion, able to obtain from its ad- 
herents the most heroic sacritices, though it be not of its essence to 
lu'omise them any certainty beyond this life-this was the healthy and 
bracing medium in which Spinoza developed himself. His education 
,vas at first entirely Hebraic; the great literature of Israel was his 
earliest, and, in point of fact, his perpetual instructress-was the medi- 
tation of all his life. 
.As generally bappens,IIebrcw literature, in assuming the char- 
acter of a sacred book, had become the Rubject of a conventional exe- 
gf\sis, much less intent upon explaining the old texts according to the 
meaning in their authors' minds than on finding in them aliInent for 
the moral and religious wants of the day. The penetrating n1Ïnd of 
the young Spinoza soon discerned all the defects of the exegesis of the 
synagogue; the Bible, as taught him, was disfigured by the accumu- 
lated perversions of more than 2,000 years. lIe determined to pierce 
beyond these. lIe was, indeell, essentially at one with the true fathers 
of Judaism, and especially with that great l\Iaimonides, who found a 
way of introducing into Judaism the most daring speculations of phi- 
losophy. 'He foresaw with ,vondrous sagacity the great results of the 
critic3.1 exegesis destined, 125 years later, to afford the true meaning 
of the noblest productions of Hebrew genius. 'Vas this to destroy 
the Bible? lIas that admirable literature lost by being understood 
in its real aspect rather than relegated outside of the common Jaws of 
htunanity? Certainly not. The truths revealed by science invariably 
surpass the dreams thåt science dispels. The world of Laplace ex- 
ceeds in beauty, I imagine, that of 
 Cosmas Indicopleustes, who 
pictured the universe to bimself as a casket, on the lid of 'which the 
stars glide along in grooves at a few' leagues from us. In the same 
way, the Bible is more beautiful when we have learned to see therein 
-ranged in order on a canvas of a thousand years-each a
piration, 
each sigh, each prayer of the most exalted religious consciousness that 
ever existed, than when we force ourselve
 to view it as a book unlike 
any other, composed, preserveò, interpreted in direct opposition to all 
the ordinary rules of the human intellect. 
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But tbe persecutions of the middle ages had produced on Judaism 
the usnal effect of all persecution: they had rendered nlÎnùs narrow' 
and timid. A few' years preyiously, at Anlsterdanl, the unfortunate 
Uriel Acosta had cruelly expiated certain doubts that fanaticism finds 
as culpable as ayowed incredulity. The boldness of the JOUllg Spi- 
noza was still worse received; he was anathematized, and bad to sub- 
mit to an excolnnlunication that JJe had not courted. A very old his- 
tory this! J{eligious communions, beneficent cradles of so much ear- 
nestness and so much virtue, do not allow of any refusal to be slatt up 
exclusively ,vithin their embrac
; tbey claim to imprison forever the 
life that had its beginnings within them; they brand as apo
tasy tbe 
lawful emancipation of th
 n1Ïnd that seeks to take its flight alone. 
It is as though the egg should reproach, as ungrateful, tIle Lird that 
had escaped therefrom. The egg was necessary in its tinH.'; when it 
became a bondage, it had to be broken. A great marvel, truly, tlutt 
Erasmus of Rotterdam should feel himself cramped in llis cell; that 
Luther should not prefer his monkish vows t(> that far holier vo,v 
,vhich man, by the very fàct of his being, contracts 'with truth! IIacl 
Erasmus persist.ed in his monastic routine, or Luther gone on distrib- 
uting indulgences, they would have been apostates indeEd! Spinoza 
was the greatest of modern Jews, and Judaism exiled him. K othing 
more simple; it must have been so, it must be so ever. Finite sym- 
bols, prisons of the infinite spirit, will eternally protest ngainst the 
effort of idealism to enlarge them. The spirit, on its Eide, struggles 
eternally for more air and 1110re light. Eighteen hundred and fifty 
years ago the synagogue denounced as a seducer the one ,vbo was to 
raise the maxims of the synagogue to unequaled glory. .And tbe 
Christian Church, llo,v often bas she not driven from her In'east those 
"rho should haye been her chiefest bonor! In cases like these, our 
duty is fulfilled if we retain a pious menlory of the education our child- 
hooil received. J.Jet the old Churches be free to branll with criminal- 
ity those ,vho quit them; they shall not succeed in obtaining from us 
any but grateful feelings, since, after all, the :harm they are able to 
do us is as nothing compared to the good they bave done. 


II. 
lIere, tllen, we have the excommunicated of the synagogue of 
Amsterdam forced to create for l1imse1f a spiritual a bode outside of 
the honlc ,vhich rejeeted him. lIe had great sympathy with Chris- 
tianity, but he dreaded all chains; he did not embrace it. Descartes 
had just renewed philosophy by his firm and .sober rationalism. De
- 
cartes 'vas his master. Spinoza took up the problems where they had 
been left by that great mina, but saw that, through fear of the Sor- 
bonne, his theology had always remained somewhat arid. Oldenburg 
aRking him one day what fault he could find ,vith the philosophy of 
Descartes and of Bacon, Spinoza replied tbat their chief fault lay in 
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not sufficiently occupying themselves ,yith the First Cause. Perhaps 
his reminiscences of Jewish theology, tbat ancient 'wisdom of tbe 
IIebrews.before which he often bows, suggeste(l to him higher views 
and lllore sublÍ1ne aspirations in this nlatter. Not only the itleas held 
by the vulgar, but those even of thinkers on Diyinity, appeared to 
bim inadequate. lIe :-5aw plainly that there is no assigniug a liIuited 
part to the Infinite; that Divinity is all, or is nothing; that if the 
Divine be a reality, it must pervade all. For twenty years he lnedi- 
tatec1 on these probleuls ,vithout for a n10lnent averting his thoughts. 
Our distaste nowadays for system ana abstract forn1ula no longer 
l)errnits us to accept absolutely the propositions within which be haù 
thought to confine the secrets of the Infinite. For Spinoza, as for 
Descartes, the universe ,vas only extension and thought; chemistry 
and physiology were lacking to that great school, ".bich ,vas too ex- 
clusively geonletrical and mechanical. .1:\ stranger to the idea of life, 
and those notions as to the constitution of bodies that chemistry was 
destined to reveal-too nluch attached still to the scholastic expres- 
Bions of substance and attribute-Spinoza did not attain to tlJat living 
and fertile Infinite shown us by the science of Nature and of history 
as presiding in space un hounded, over a deyelopment more and more 
intense; hut, nlaking allowance for a certain dryness in expression, 
what grandeur there is in that inflexible geon1ctrical deduction lead- 
ing up to the supreme proposition, "It is of the nature of the Sub- 
stance to develop itself necessarily by an infinity of infinite attributes 
infinitely nlodified I " God is thus. absolute thought, universal con- 
sciousness. The ideal exists, nay, it is the t.rue existeu{'e; an else is 
mere appearance and frivolity. Bodies and souls are mere lnode
 of 
,vhich God is the substance: it is only the n10des that fall within 
duration; the substance is all in eternity. Thus, God does not prove 
l1Ín1se1f; his existence results from his sole idea; everything supposes 
and contains him. God is the condition of all existence, all thought. 
If God did not exist, thought would be ahle to conceive In6re than 
Nature could furnish-which is a contradiction. 
Spinoza did not clearly discern universal progress; the world, as 
he conceives it, seems as it wei'e crystallized in a D1atter which is 
incorruptible extension, in a soul that is immutable thought; the sen- 
timent of God deprives hÍ1n of the sentiment of man; forever face to 
face with the Infinite, he did not sufficiently l)erceive what of the 
Divine conceals itself in relative manifestations; but he', l)etter than 
any other, sa'v the eternal identity which constitutes the basis of all 
transitory evolutions. 'Vhateypr is limited seems to hiln frivolous, 
and unw.orthy to occupy a philosopller. Bold in fligl1t, he soared 
straight to the loft)", snow-covered summits, without casting a glance 
on the rich display of life spring-ing np on the 1110untain's side. At 
an altitude where every breast lnlt his own pants 11arcl, he liyes, he 
enjoys, he flourishes there, as men in general do in mild and ten}pcr- 
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ate regions. 'Vhat he for his part needs is the glacier-air, l
een and 
})enetrating. lIe ùoes not ask to be followed; he is like :\Ioses, to 
,vhom secrets unknown to the crowd reyeal thenu;elves on the hl'ights. 
But be sure of this: lIe .vas the seer of his age; he was in his o,yn 
day the one ,vho saw deepest into God. 


III. 
It Inight have been supposed that, all alonC1 on those snow'y peaks, 
be ".oulù turn out in hUlnan affairs wrong-headed, utopian, or scorn- 
fully skeptical. Nothing of the kind. lIe was incessantly occupied 
"with the application of his principles to human socicty. The pessi- 
mism of Hobbes and the dreams of Thomas )lore were equally repl1g- 
pant to him. One-
a1f, at least, of the "Theologico-Political Trea- 
tise" ,vhich appeared in 1670, miglJt be reprinted to-day ,vithout 
losing any of its appropriateness. Listen to its admirable title: 
H Tractatus rrheologico - Politicus, continens dissertationes aliquot, 
quihus ostenditur, libertatem philosophandi no
 tantunl salva pietate 
ct reipublicæ pace posse cOllcedi, sed camdenl nisi cum }>ace reipu- 
blicæ ipsaqne pie tate tolli Don posse." For centuries past i.t had been 
supposed that society rested on Dletaphysical dogmas. f:pinoza dis- 
cerns profoundly that these dogmas, a
sumed to be necessary to 
IUlmanity, yet cannot escape discussion; that revelation itself, if there 
be one, trayersing, in order to reach us, the faculties of the human 
Inincl, is no less than all else amenable to criticism. I 'wish I could 
quote in its entirety that. admirable Chapter XX., in ,,
hich onr great 
publicist establisbes with masterly skill that dogma-new. then, and 
still contested in our o,vn day-which styles itself liberty of con- 
SCIence. 
"The final end of the state," he says, "consists not in dominating oyer 
men, restraining them by f
ars, subjecting them to the will of otLers, but, on 
the contrary, in permitting each one to live in all possible security; that is to 
sar, in preserving intact the natural right of each to live without injury to him- 
self or others. No, I say, the state has not for its enù the transformation of 
men from reasonable beings into animals or automata; it has for end so to 
act that its citizens should in security develop soul and body, and make free use 
of their reason. Hence the true end of the state is liberty. ,,\Yhosoever means 
to respect the rights of a sovereign should never act in opposition to his 
decrees; but each has the right to think what he will, and to say wlIat he thinks, 
provided he content himself with spenking and teaching in the name of puro 
reason, nnd do not attempt. on hi8 privat
 authority to introduce innovations 
into the state. For example: a citizen who demonstrates that a certain Jaw is 
repugnant to sound reason, and holds that for that cause it ougl1t to be abro- 
gated
if he submit llis opinions to the judgment of the sovereign, to whonl 
alone it belongs to estabJish and to abolish Jaws, and if meanwhile he acts in no 
wise contrary to law-that man certainly deserves well of the state 3S the best 
of citizens. . . . 
"Even if we admit the possibility of so stifling men's liberty and laying 
such a yoke upon them that they dare not even ,,-hisper without the approba- 
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tion of the sovereign, never, 1110st surely, can they be prevented from thinking 
as they will. 'Vb at, then, Illust ensue? That men will. think one way and speak 
another; that, consequently, good faith-a virtue most necessary to tbe state- 
will become corrupted; that adulation-a detestable thing-and perfidy will be 
had in repute, entailing the decadence of all good and healthy morality. 'fhat 
can he more disastrous to a state than to exile honest citizens as evil-doers, 
because they do not share the opinions of the crowù and are ignorant of the 
art of feigning? 'Vbat more fatal than to treat as enemies and ùoom to death 
nlen whose only crime is that of thinking independently? The scaffold, w hicIt 
should be tbe terror of the wicked, is thus turn
ù into the glorious theatre 
where virtue and toleration shine out in all their lustre, and puùlicly cover the 
sovereign 11lajesty with opprobrium. Beyond ques
!on there is only one thing 
to be learned from such a spectacle: to imitate those noble martyrs; or, if one 
fears death, to become the cowardly flatterers of power. Nothing, then, is so 
full of peril as to refer and submit to divine rights m&tters of pure speculation, 
and to impose laws on opinions which are, or Il1ay be, subjects of discussion 
among men. If the authority of the state limited itself to the repre:;sion of 
actions while allowing impunity to worùs, controversies would less often turn 
into seditions." 


l\lore sagacious than many so-cal1
d practical men, our speculator 
seeR perfectly well that the only durable governments are the reason- 
able, anJ that the only reasonable governrnents are the constitutional. 
Far from absorbing the individual in tbe state, he gives him solid guar- 
antees against the state's omnipotence. lIe is 110 revolutionary, but a 
moderate; he transforms, explains, but does Bot destroy. His God 
is not indeed one who takes pleasure in ceremonies, sacrifices, odor of 
incense, yet Spinoza has no design .whatever to overthrow religion; 
he entertains a profound veneration for Christianity, a tender and a 
sincere respect. The supèrnatural, howe\
er, J)as no meaning in J)is 
doctrine. According to his principles, anything out of Nature would 
be out of being, and therefore inconceivable. Pro})hets, revealers, 
have been men like others: 


" It is not thinking, but dreaming," he says, "to hold that prophets have had 
a human boùy and not a human soul, and that consequentl)'" their knowledge 
and their sensations have been of a different nature from ours, . . . The pro- 
phetic faculty has not been the dowry of one people only-the Jewish people. 
The quality of Son of God lws not been the prh.ilege of one m
n only. . . . 
To state my views openly, I tell you that it is not absolutely necessary to know 
Christ after the flesh; but it is otherwise when we speak of that Son of God, 
that is to say, that eternal Wisdom of Go
, which has manifested itself ill all 
things, find more fully in the human soul, and above aU in Jesus Christ. 'Vith- 
out this WiSÙOlIl no one can attain the state of beatitude, since it alone teaches 
us what is true and what is false, wbat is right and what is wrong. . . . As to 
WIUlt certa:n Churches have added, . . . I have expressly warned you tlwt I 
do not know what they mean, a
d, to speak frankly, I may confess that they 
seem to me to be using the same sort of language as if they spoke of a circle 
assuming tbe nature of a square." 


'Vas not this exactly what Schleicrmacher said? And as to Spi- 
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noza, the fel1ow-founder 'with Richard Silllon of Biblical exegesis, 'was 
not he the precursor of those liberal theologians \vho IJave ill our own 
day shown that Christianity can retain all its glory without super- 
naturalism? IIis letters to Oldenburg on the resurrection of J 
sus 
Christ, and of the Dlanner in ,vhich St. l->aul unùerstooù it, are n13S- 
terpieces which a hundred years later 'would have served as the mani- 
festo of a ,vhole school of critical theology. 
In tbe eyes of Spinoza it signifies little whether Iny
teries be 
understood this way or that, provjded they be understood in a pious 
sense. Religion has one aim only, piety; and we are to 3ppeal to it 
not for metaphysics, but for practical guidance. At bottom there is 
but 'one single thing in Scripture, as in all revelation: "Love your 
neighLor." The fruit of religion is blessedness, each one participat- 
ing in it according to his capacity and his efforts. The souls tJlat are 
governed by reason-the philo
ophic souls tbat have, even in this 
,vorld, their life in God-are safe from death; what death takes from 
th
m is of no value; but weak or passionat
 souls l)erish almost 
entÏ1

ly, and death, instead of being for them a simple accident, 
involves the foundation of their l)eing. . . . The ignoraut man who 
lets IJÍmself be swayed by blind passions is agitated in a thousand 
different directions by external cau:,;es, and ne\"er enjoys true peace of 
soul; for him, ceasing to sufter nleans cea
ing to be. The Eoul of tbe 
wise Ulan, on the other hand, can 8carcely be troubled. Posse
sing 
by a kinù of eternal neressity the consciousness of itself and of Goù 

uld of things, he never ceases to be, and ever preserves the soul's 
true peace. 
Spinoza could not enùure his system to be considered irreligious or 
subversive. The timid Oldenburg did not conceal fronl him that sonle 
of his opinions seemed to certain readers to tend to the overthro,v of 
piety. "'Vhatcver accords with reason," replied Spinoza, "is in my 
belief most favorable to the practice of virtue." The prl.tenùeù supe- 
riority of coarsely positive conceptions as to religion and ã future life 
found him intractable. "Is it, I ask, to cast off religion," he was 
wont to say, "to acknowledge God as the SUpr(\llle Good, and thence 
to conclude that be 1l1Ust Le loved with a free soul? To maintain 
that all onr. felicity and Inost perfect freedolll consists in t hat lov
- 
that the rewarJ of virtue is virtue, and that a Llinù and inlpotent 
soul finds its plllJishnlellt in its blilldlless-is tl.ïs a denial of all re- 
ligion ?" ...\t the root of all such attacks he traced m(-lanness of 
ou1. 
.According to him, anyone who felt irritated by a disinterested relig- 
ion iuvoillutarily confessed reason and virtue to have no charm in his 
eyes, and that his pleasure would lie in living to indulge Lis passicns 
if he were not restrained by fear. "Thus, tlwn," he 'would add, 
" such a one only a 1 )stains fronl evil and oheys the Divine conlInand- 
ment re
retful1y as a slave, and in return for this slavery l'Xlwcts from 
God rewards which have infinitely more value in his (-'yes than tLe 
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Diyine law.. The more aversion and estrangement fron1 good he nlay 
have felt, the mote he hopes to be recolnpensed, anù ilnagines that 
they wl.1o are not restrained by the same fear as hin1self do what he 
.would do in their case-that is to say, Ii "e lawlessly." S}Jinoza held 
'with reason that this manner of seeking heaven ,vas contrary to rea- 
son, and that there is an absurdity in pretending to gain God's favor 
by owni.ng to him that, did one not dreaù him, one ,vould not loye. 


IV. 
lIe was, bowever, well aware of the danger of interfering with 
beliefs in which few adtnit these subtile distinctions. Cauté ".as his 
motto, and, his friends baving made him aware of the explosion that 
the "Ethica" 'woultl infallibly produce, he kept it unpublished till 
his death. He had no literary vanity, nor dill he 
eek celebrity- 
possibly, indeed, because be ,vas sure to obtain it without seeking. 
lIe was perfectly l1appy-he has told us so; îet us take him at his 
'YOI'd. lIe has done still better: he has bequeathed us J)is secret. 
Let all luen listen to the recipe of the" Prince of Atheists" for the 
discovery of happiness: it is the love of God. To love God is to li\.e 
in God. Life in Gùd is the best anJ most })erfect because it is the 
reason ablest, happiest, fullest-in a word, because it gives us more 
being than any other life, and satisfies most completely the funda- 
mental desire that constitutes 0111' essence. 
Spinoza's ,vhole practical lHe was regulated according to these 
n1Rxims. That life "
as a masterpiece of good sense and judgment. 
It was led with tbe profound skill of the wise man who desires one 
thing only, 3nd invariably ends by obtaining it. Never did policy 
so well conlbine meallS and end. IIacl he been less reticent, he would 
perhaps have n1et the sallIe fate as the unfortunate Acosta. Loving 
truth for its own sake, he was indifferent to the abuse that his con- 
stancy in speaking it entailed, and ans".ered ne\.cr a ,,"ord to tbe 
attacks made on bim. For his part, he attacked no one. "It is for- 
eign to n1Y hahits," he said, "to look out for the errors into which 
authors have ra1Jen." IIad he desired to be an official personage, his 
life woulù no doubt have been traversed by persecution, or at least 
by disgrace. lIe was nothing, and desired to be nothing. Arna 
nesciri was his desire, as well as that of the author of tIle" De lmita- 
tione.". lIe sacrificed everything to peace of mind, and in so doing 
there was no selfis11lleSS, for his mind "':3S of importance to the worlù. 
lie frequently refused ,vea1th on its .way to hin1, anù desired only 
,vhat was absolutely necessary. The Ii:ing of France offered him a 
pension; he declined. The Elector Palatine offered him a chair at 
Heidelberg. " Your freedom- shall be complete," IJe was told, " for 
the prince is convinced that you will not abu
e it to disturb the estab- 
li
bed religion." "I do not ver}"" well understand," he replied, " within 
,vhat limits it would ùe necessary to confine tbat l)hilosophical free- 
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dom granted n1e on condition of not di
turbing the establi:,hed re- 
ligion; and then, again, the instruction I bestowed 011 youth would 
hinder my own alhrance in plIilosophy. I have only succeeded in 
procnring for n1y
elf a tral1(Illil life by tIle renunci:ltion of all killÙS 
of public tpachil1g." lIe felt that his duty ,vas to thiuk. lIe thought, 
in fact, for humanit)..., ".hose ideas he forestalled hy IHorp than two 
centuries. 
The same instincthye sagacity ,,"'as. carried by bin1 into all tl1(' 
relations of life: he felt that public opinion never pennits a luan to 
be daring in two directions at once. Being a freethinker, he looked 
upon himself as bound to live like a saint. But I am ,vrong in 
aJillg 
this. . 'Yas not this pure and gentle life rather the direct expre
ðion of 
his peaceful and lovable consciousness? At that perioù the atheist 
was pictured as a villain armed with daggers. Spinoza was through- 
out his \vhole lifetime humble, nleek, pious. His enen1Ïes were ingenu- 
ous enough to object to this: they would ha"e liked hinl to live com- 
formaùly to the conventional type, and, after the 
areer of a demon in- 
carnate, to die in despair. Spinoza sn1iled at this singular prett'1I8ion, 
and refusecl to oblige his enemies by changing his "yay of life. lIe 
had warm friends; he showed hinIself courageous fit neeù; he protf'sted 
against popular indignation ,vhereyer he thought it unjust. )Iany 
disappointnlents failed to shake bis fiddity to the republican party; 
the liberality of his opinions was never at the mercy of events. \Yhat, 
perhaps, does Lim nlore honor still, he possessed the esteem and sincere 
affection of the sinlple beings among "'horn he lived. N otLing is equal 
in value to the esteem of the lo,vly; their judgment is almost alwayf' 
that of God. To the worthy Van del' Spycks he was evidently the vcry 
ideal of a perfect lodger. " Koone ever gave less trouùle," ".as their 
testinlony given SOlne years after his death to Colerns. "\YlJile in 
the house he inconvenienced nohody; he Fpent the l)<.'st part of his 
time quietly in his own 1'00111. If he chanced to tire himself ùy too 
protracted nleditation, he \\yould COl1le down-stairs and speak to the . 
fan1Ïlyabout any subject of conUllon talk, even about trifles." In fact, 
there could never lut\re heen a more affable ÍInnate. He would often 
hold conversations with his hostess, especially at the t inle of her con- 
finements, as .w
lI as with the rest of the }}()usel10Id "'hen any 
orrow 
or sickness 1)cfell thenl. lIe. 'would tell the children to go to divine 
service, and, when they returned from the sermon, ask them how nutch 
they rernel11bel'ed of it. .lIe ahnost always strongly seconùctl what 
the preacher had saia. One of the persons he nlost esteemed was the 
pa
tor Cordes, an excellent man and good expounde." of the Seript- 
ures; eonletime
, indeed, he went to hear hilU, and lie ad ,'bed IIi!' 
host never to nlÍ
s the preaching of so able a n1an. One day IJis 
l)o
tess asked hint if he thought she could be saved in the re'ligioll 
hc 
professed. " Your religion is a good one," he replied; "you sþould 
not seck any other, nor doubt tllat yours will procure' 
ah'ation if, in 
YOLo XI.-15 
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attaching yourself to piety, JOu lead at the saIne time a peaceful and 
tranquil life." 
IIis temperance and good management were admirable. Ilis daily 
want
 were provided for by a handicraft in which he bec
ulle very 
skillful-the polishing of lel1
es. The Van del' Spycks nUlde over to 
Colerus scraps of }JapeI' on which 
lJinoza had noted do\vn his ex- 
penses; these a,-eraged about fourpence halfpenny a day. lIe ,vas 
very carefnl to settle his accounts every quarter, so as neither to 
pend 
nlore nor less than his income. lIe dressed simply if not poorly, ùut 
hi
 aspect radiated serenity. It was evident that he had found out a 
doctrine which ga ,-e him perfect content. J.. 
He ,vas neyer elated, and never depressed; the equability of hi
 
moods seenlS ,yolHlerfuL Perhaps, indeed, he maY}Jave felt some sad- 
ness when the daughter of his professor, Van den Ende, preferred 
I{erkering to him; but I suspect that he soon consoled himself. 
"I
eason is my enjoyment," he would say, "and the aim I have in 
this life is joy and serenity." lIe objected to any praise of sadness. 
" I t is superstition," he maintained, "that setg up sadness as good, and alI that 
tends to joy as evil. God would show himself envious if he took pleasure in my 
impotence and in the ilJs I suffer. Rather in proportion to the greatness of our 
joy do we attain to a greater perfection and participate more fuIly in the divine 
nature. . . . Joy, therefore, can never be evil so long as it be regulated by the 
law of our true utility. A virtuous life is not a sad 
nd sombre one, a life of 
privations nnd austerity. How should the Divinity take pleasure in the spectacle 
of my weakness, or impute to me, as .meritorious, tears, sobs, terrors-signs all 
of an impotent soul? Yes," he added, emphatically, "it is the part of a wise 
man to use the things of this life, and enjoy them as much as po
sible; to recruit 
himself by a temperate anù appetizing diet; to charm his senses with the per- 
fume and the briIliant verdure of plants; to adorn his very attire; to enjoy music, 
games, spectacles, and every diversion that arty one can bestow on himself with- 
out detriment to character. . . . "\Ve a.re incessantly spoken to of repentance, 
humility, death; but repentance is not a virtue, but tIle consequence of a weak- 
. ness. Nor is humility one, since it springs in man from the idea of his inferiority
 
As to the thougllt of death, it is the daughter of fear, :lnd it is in feeble souls 
that it sets up its home. . . . The things of alI others," he would say. "about 
which a free man thinks lea!;t is death. "'\Visdom lies in the contemplation not 
of death, but of lifc." 


\. 
Since the days of Epictetns and l\!arcus Allreliu
, no life had heen 
witnes
ed so })l'ofound1y penetrated by HIe sentiment of th
 Diyine. 
In the t,velfth, thirteenth, sixteenth century, rationali
tic philosophy 
had nlllnberecl very great men in its rankR, hut it bad had no saints. 
Occasional1y a very repulsive and hard elenu'nt lweI entered into the 
finest characters among Ita1Îan freethinl
ers. Religion haa been 
utterly ah
ent fronl tho.;;(' IÏ\Tes not less in revolt against human t11an 
divini laws, of whieh the la
t example was that of poor Vanini. II('re, 
on the contrary, we have religion producing free thought as a part of 
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pi(\ty. Religion in a. sy
tem such as this is not a portion of life: it is 
life itself. That which ilì seen to n1atter here is not the being in pos- 
session of some lllctaphysical phrases more or less correct: it is the 
giving to onp's life a sure }Jole, a supreme direction-the ideal. 
It i
 by so doing that your illustrious countryman has lifted up a 
banner \\
hich still avails to shelter beneath it all 'who think and fecI 
noLly. Ye8, religion is eternal; it alunvers to the first nectl of primi- 
tive as ,yell as of civilized man; it will only perish with hnnlanity it- 

elf-or, rather, its disappearance ,\yould be the proof that degenerate 
humanity "was about to reënter the mere animalism out of which it had 
elllcrged. And yet no dognla, no "rorship, no formula, can in thes"e 
days of ours exhanst the rdigions sentiment. "r e must confront with 
each other these seen1Ïngly contradictory assertions. 'V oe to hinl 
"rho pretends that the el':l of religions is past! 'V oe to hin1 ,vho 
inulgines it possible to restore to the old synlLols the force they had 
when they leaned npon the inlperturbaLh
 dogmatis111 of other days! 
"Tith that dogmatislll we, for our part, must neQds diFpense; \\YC n1ust 
di
pen
e ,vith those fixed creed
, 
ources of so many struggles and 
divisions, but sources no less of such fervent convictions; we must 
give up believing that it is our part to hold down others in a faitb ,ve 
no longer share. Spinoza ,vas right in his horror of hypocrisy: hy- 
pocrisy is cowardly and dishonest, but, above all, hypocrisy is useless. 
'Vho is it, inclecd, that is deceived here? The persistency of the 
higher classes in unqualifiedly patronizing, in sight of the uncultivated 
classes, the religious reforu1s of other days, will have but one effect: 
that of impairing their own authority at those times of crisis w.hen ìt 
ig important that the people shouhl still believe in the reason 
nd the 
virtue of a few. 
IIonor, then, to Spinoza, ,vho has dared to Ray: "Reason before alL" 
I
eason can neyer he contrary to the well-understood intcre!'ts of hu- 
Inanitv. But we wonld remind t}Jose who are carried a way hy unre- 
flecting inlpatience, that Spinoza never conceived of re1igiou
 revolu- 
tion as h{'ing aught el
e than a tr
n5formation of formulas. Accord- 
ing to 111111, what was fundanlental 'went on subsisting under other 
term
. If he, on one I1and, en
rgetically repudiated tIle th('ocratic 
power of the clergy, as distinguished from civil society, or the ten- 
dencyof the state to occupy itself 'with metaphysic
, on thc other 
hana, he never denied either the state or religion: he ,,'ished the state 
tolerant and re1iO"ion free. 'Ye ,vish for notl1ÏlIg n10re. One cannot 
:':) 
inlpo
c on others l)cliefs one do
s not po
se
s. That the helieyers ûf 
other days Inatle thenlselves p('r
c('ntorR, proved thenl t
'rannical, but 
at l
ast C'on!'i'f'tcnt; as for U
, if we 'were to act as th
y did, 'we 
hould 
he f'imply a hi'u1"(1. anI' religion is a. scntinlent capable of clothing 
its
l f in numerons fOrIn
. Thes
 forms arc frec frolIl Lcing equally 
O"onfl. 1)111; not one of them h:t
 strellgth or authority to eXl)el all 
t-I , 
other
. Freedoln-t his is the last w.ord of Spinoza's religious policy. 
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Let it be the last word of our8! It is tbe most honest course; it 
1ll3,Y, perhaps, also be the most efficacious and certain for the progress 
of civilization. 
Humanity, indeed, ad\'ances on the way of progress Ly prodigious- 
ly unequal steps. The rude and violent Esau is out of patience with' 
the slo,v pace of Jacob's flock. Let us gh>e time to all. 'Ye may 
not, indeed, permit simplicity and ignorance to hinder the free move- 
ments of the intellect, but let us not either interfere with the slow 
evolution of 1
8s active intelIigencef'. The liberty of absurdity in 
these is the condition of the liberty of reason in those. Services ren- 
dered to the human nlÏnd by violence are not services after all. That 
such as lay no stress on truth should exercise con
traint in order to 
obtain out\vard suhmission, what can be more natural? But ,ve, who 
believe that truth is something real, and deserving of supreme re- 
spect, how can we dream of obtaining by force an adherence which is 
valueless except as the fruit of free conviction ? We no longer adn1Ït 
sacramental formulas operating by their own virtue independently of 
the mind of him to whom they are applied. . In our eyes, a belief has 
no worth if it be not gained by the reflection of tbe individual-if he 
have not understood and assinÜlated it. A mental conviction brought 
about by superior order. is as absolute nonsense as love obtained by 
force or sympathy by comnland. Let us promise to ourselves not only 
to defend. our own liberty against all who Reek to attack it, hut, if 
need be, to defend the liberty of those who have not always respected 
ours, and who, it is probable, if they were the masters, would not re- 
spect it. · 
It is IIol1and that had the glory, more than two hundred years 
ago, to demonstrate the possibility of these theorit's by realizing 
them. 


" l.Iust we prove," said Spinoza, "that this freedom of thought giv'es rise to 
no serious inconvenience, and that it is compptent to keep men, openly diverse 
in their opinions, reciprocally respectful of each other's rights? Examples 
abound, nor. need we go far to beek them. Let us instance the town of Amster- 
dam, whose considerable growth-an object of admiration to other nations-is 
simply the fruit of this freedom. In the midst of this flourishing republic, this 
eminent city, men of all nations and all sects live together in mo
t perfect con- 
cord; . . . and there is no sect, however odious, whose adepts, provided they 
do not offend against the rights of any, may not meet with pubJic aid and pro- 
tection before the magistrates." 


Descartes was of the same opinion when he came to ask from tbis 
country the calm essential to his thinking. I...Iater-tbauks to that 
Doble privilege of a free land so gloriously maintained by your fathers 
against all opponents I-your floll
nd became the asylum 'where t he hu- 
man intelJect, sheltered from the tyrannies that overspread Europe, 
found air to breathe, a public to comprehend it, organs to lllultiply its 
voice, then gagged elsewhere. 
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Deep, assuredly, are the "younds of our age, and cruel are its p(tr- 
plexities. It can never be \vith iInpunity that so many problems pre- 
sent themselves all at once ùefore the el
n1ellts for solving them are 
in our possession. It is 110t we who have shattered - that paradise of 
crystal, \vith its silver and azure glean1s, ùy which so many eyes llave 
bt>en ravished anJ consoled. But there it is in fr:lgments; what is 
shattereù is shattered; and never win an earnest spirit undertake tbe 
puerile task of bringing back ignorance destroyed or restoring illu- 
sions dispelled. The populations of great towns have ahnost every- 
\vhere lost faith in the supernatural; were we to sacrifice our convic- 
tions and our sincerity in an atten1pt to give it them back, we should 
110t succeeù. But the supernatural, as formerly understood, is not the 
ideal. 
The cause of the supernatural is compron1Ïsed, the cause of tbe 
ideal is untouched; it eyer will be. The ideal rcmains the soul of the 
\vorId, the permanent God, the primordial, efficient, and Final Cause of 
this universe. This is the basis of eternal religion. 'Ve, no more 
than Spilloza, need, in order to adore God, miracles or self-interested 
pray{>rs. So long as there he in the human heart one fibre to vibrate 
at the 
ound of \\yhat is true, just, and honest; so long as the instinc- 
tively pure prefer purity to life; so long a8 there be found friends of 
truth ready to sacrifice thcir repose to science; friends of goodness to 
'de\'ote theIl1selves to useful and holy works of mercy; won1an-hearts 
to lo\ye whatever is \vorthy, beautiful, and pure; artists to render it 
by sound, and color, and inspired accents-so long \\yill God liye in 
us. It could only be when egoism, meanness of soul, narrowness of 
Inind, indifference to kT}owledge, contenlpt for human rights, oblivion 
of what is great and noble, invaded the world-it could only IJe tbtn 
that God .would cease to be in humanity. But far frOIl1 us thoughts 
like these! 
Our aspirations, our sufferings, our very faults and rashness, are 
the pl"oof that tIle ideal lives in n
. Yes, human life is still son1ething 
divine 
 Our appar(lnt negations are often merely the scruples of timià 
Ininds that fear to overpass the linlÍts of their kno'wledge. They are 
a worthier hom:1ge to the Diyinity than the hypocritical adoration of 
a spirit of routine. God is still in us; believe it. God is in us! Est 
.Deus in vobis. 
Let us all unite in bending before the great and illustriotls thinker 
,,-ho, two hundred years ago, proved better than any other, both by the 
examples of his life and by the p<)\ver, etill fresh and Jonng, of his 
".orks, ho\v much there is of spiritual joy and 1101y unction in thoughts 
1ike thesp. J
et us, witb S('hleierma('ber, Vay tIle hOlnage of the best 
\\'e can do to the ashes of the holy and misunderstood SI)Înoza: 
" The sublime spirit of the world penetrated him; the 
nfinit(' was his begin- 
ning and his end; the universal his only and eternal love. I--iving in 1101y inno- 
cence find profound humility, he contemplated himself in the eternal world, find 
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saw that be, too, was for that world a mirror worthJ of love. IIe was full of re- 
ligion and full of the holy spirit; and therefore he appears to us solitary and 
unequaled, m:1ster in his art, but lifted above the profane, without disciples, and 
without right of citizenship anywhere." 


That right of citizenship yon are now ahout to confer on him. 
Your lllûnunlent will be thp ]ink between his genius and the earth. 
IIis spirit will brood like a guardian angel over the spot where his 
rapid journey among men came to its end. 'Y oe to him who, in pass- 
ing by, should dare to level an insult at that gentle and pensi\-e :figure! 
lIe would be punished as all vulgar heart s are punished-by his very 
vulgarity and his impotence to eompreheud the divine. Spinoza, 
nleanw'hile, tron1 his granite pedestal shall teach to all the way of hap- 
piness he hi III self had fonnd; and for ages to come the cultivated lllan 
who passes along the Pavilioengragt will inwardly say, "It is hence, 
perhaps, that God has been seen n10st near 1 "- ConternlJOrary Revie'U.'. 
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TRANSMISSIO
 OF EXOITATIOKS IN SEXSORY 
NER'TES.l . 


By PAUL BERT. 


P fIYSIOLOGISTS are as yet by no n1eans ngreed wnet11er tbe 
n(lrves which, from their special functions, have been tenne(l 
rnotor and sensor nerves, are in their essential properties identical or 
different; in other words, whether a sensor nelTe can transmit excita- 
tions whose result is motion, and vice versa. "T e do not eyen know 
whether an excitation produced midwny in the length of a nerve is 
simultaneously propagated in both directions, centrifugally and cen- 
tripetaIJy. The admirable e:xperinlents made by Philipeaux and VuI- 
pian to determine these knotty questions are, as V ulpian was the first 
to observe, susceptible of a different interpretation from that unani- 
mously put upon them hy the world of science. 
Such being the state of the case, I thought it advisaòle to take up 
again an experiment I had n1ade in 1863,' but 'which I had' neglected 
to prosecute, in view of the apparently far more conclusi,'e and far 
more general results obtftined by the able experimenters just named. 
This experirnent I havc now completed, and strengthened against any 
objection that might have bcen raised again
t it. 
If we pinch a Reusor nerve at any point of its lengtll, the pain that 
is felt clearly shows that the excitation is propagated in the centripe- 
tal direction; but of a centrifugal propag
tion we know nothing, for 
the yery simple reason that at the tCrI11inal cxtremity of the nerve 
I Tran'ilatcd from the French by J. Fitzgerald, A. )1. 
2 Comptes rendn, ck la Sociélé ck Biolo!}ie (1863), p. 17ü. 
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there is no nervous apparatus of per<,cption. But if .we can bring this 
ex.tremity into relation with thc pcr<,eptive centre, the brain, 'we shall 
:::;ee ,vhether there is sensation, which would ÎIllply centrifugal propa- 
gation. 
The Ineans employed in bringing about this condition of tIlings is 
very sinlple indeed. I ren10\'e, for the length of two or thr('(\ c
llti- 
Inetre
, the skin fronl the tip of a young rat's tail, and insert the flaycJ 
l)art into the f;ubcntancons cellular ti:6sUC through an opcning Ill;H1c 
in the skin of the anÍ1nal's back. A few stitches Fuffice to hold the 
parts in place, and soon they adhcre firlnIy, the rat's tail then having 
the ansate form. 
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FIG. t.-RAT WITII TIP OF TAIL I
SERTED I:STO TIIE DORSAL TlssrES. 


Eight months later I cut the tail in two, thus lea\"ing two caudal 
t'tubs. Inllnediately after scction, the dorsal stub was luanifestly sen- 
sitive; and when it was pinched vigorously, the rat would squeal ana 
rnn oft: Hence it plainly appears that, in this fragment of a tail, the 
excitation of the sensor nerves is propagated fro1l1 the thick to the 
slender eI\f1, or in a direction inyerse to ,vhat is hell1 to Le the nonnal 
course. The process was nbout as follows: the sensor llerYe
 distrib- 
utcd to the extremity of the tail, on being wounded by the 1'cn10val 
of the skin, united with the sensor nerves of the dorsal region, which 
in lik
 manner had been cut into. In due cour:,c of tillle the ner'"('- 
cicatrix becarne able to transmit the f'ho<,ks (whatever their nature) 
,vhich an excitation produc.es in a nerye. 'Yhen, 11erw, we pinch the 
extren1Ïty of the dorsal stub, the shoek is transluiue<l along tlw ex- 
cited caudal ncrve, passes through the cicatrix, and follows the (lorl5o- 
cutaneous nerve into the f:pinal 11larrOW, which carril'
 it to the brain, 
,,"hcre it results-in a sensation of pain. 
The history of the case will be readily understood on e:'
amllung 
the following diagram, in ,,"hieh, for simpJicity's 
al\:c, I haye repf()- 
sentcd only one of 
he ner'''e-filaments of the tail (.....,... C) and one of 
the nerve-filaments of the back (IJ 1\'). 
nut thii 
ensibilit y of the dorsal frag-mcnt bcgill
 to gro"" less on 
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the second day after section, and soon it is gone. If, some days later, 
we exan1Ïne the nerves of this fragment with a microscop
, we shall 
find that they have undergone the changes usual in nerves that have 
been cut off from their trophic centres; and thiR is true no le
s of the 
portion concealed under the skin t1uln of the free (and certainly liv- 
ing) portion hanging fron1 tbe anilual's back: not a single sound nerve- 
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FIG. 2.-.11 E, E!pinal marrow. NO. nerve-filament dil?otribnteð to the end of the tail. G, its tro- 
phic ganglion. D N. a nér\'e-filament dislributed to the t,:kin of the back, ]acerated in the 
uperation. G, its trophic ganglion. C, the ck'utrix which uniteil the two nerve8, and which 
is now permeable to nervous "Shocks. S, point where the tail wa
 cut in two; a, b, arrowe 
showing the two directions in which sensory excitations are tran8milted. . 


tube is to be seen in it. On the contrary, the stump of the tail, ,vllÎch 
11as retained its natural position, has every nerve sound, with not a 
sino-le diseased tube. 
ð 
Thus, then, physiological facts are in agreement with lJistological 
obser\Tations, and they botþ prove conclusively that t11e sensor nerves 
,"vhich transmitted the centrif
gal excitation ,vere the normal nerves 
of the dorsal stub, and that here ,ve have neither new-formed nerves 
nor nerve-fibres \vith ansate terminations. It is further demonstrated 
-and this is a fact not without interest-thnt the re}ationR with the 
nerve-centres of perception, from ,vhich results sensation, are lnore 
easily estaùlished than those with tbe trophic ganglionic centres, which 
nourish the sensor nerves. Who knows but tbat, had I w"aited longer 
before I cut the tail in two, the influence of the new trophic c
ntres 
'vould have become sufficient to maintain the nerves of tJle dorsal frag- 
ment in their integrity, and that sensibility would bave persisted after 
section? Sonle months after the dorsal stub had become inse'nsible, it 
again regained sensibility, the diseased nerves having been regener- 
ated. At first, just as I hnd observecl in 1863, the animal refers tho 
impression it receiyes to the region of the back where tbe nerve-cica- 
trix is: this is the reverse of the illusion observed in cnses of ampu- 
tation. By little and little the rat is educated, and at last recognizes 
the exact point that is excited; thus showing. that our so-caned innate 
knowledge of the place occupied in space by every point of our bodies 
is, like all our knowledge, merely the result of repeated experiences. 
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To conclude, the experiment I have just recountcd ShO'W8 that ex. 
citation of a sensor ncrve at any point of its length is propagated in 
two directions, both centrifugally and centripetally. Th
 
anle is 
doubtle
s true of a Inotor nerve. Consequently, it is highly prohable 
that, as Vulpiau has held, the nerves are simple cOllductor
, differen- 
tiatedonly by their functions, which latter depcnd upon tJJe kind of 
apparatus at their t \YO 'extren1Ïties: for nloto!" ncryes there is a motor 
nerve-cell and ll1uscular fibre, and for seu
or nervcs a rccci,'ing ncrvc- 
cell and an impressionable tc1'minatiou.-La J.Vàture. 
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O
 TIlE PIlYSICAL COXDITIO
 OF JUPITER l\.XD 
SATURN. 


By DAVID TRO "BRIDGE, ESQ. 



'" TOT many years ago the planets Jupiter and Snturn 'were 1'c- 
-L 
 garded as solid bodies, their sInall relative density being- sup- 
posed to be due eithcr to the peculiar arrangenlent of the luaterials 
w'hich compose them, or to the small specific gravity of the matf'rials 
theInsclves. 'Yithin a few years, however, the nebular hypothesi
 has 
gained so strong a hold on the minds of astronomers, that the larger 
planets are regarded in a \pery different light as res})ccts their 1)11ysieal 
condition from ,,'hat they ,vere a few' Jears ago. It is now' thought 
that at least Jupiter and Saturn, and probably U ranns and :x eptune, 
}lave not yet cooled do,,'n froln their heated and nebulous condition 
sufficiently to be habitable globes, and that, o,ying to thtir relatively 
high temperature, they have very extensive atmosph
rcs. 
It is quite possible for us to guess at the extent ana denF-ity of 
their atmospheres, but, unless we suhjpct our guesses to caleulation, it 
cannot be said that they are of much use to us, since the planets arc 
too far from us to allo,v direct observations to f.o;cttle any pointR in dis- 
pute. T..et us, therefore, assume Jupiter and Saturn to be glohes of 
much higher temperature than the earth's, and that this tcrnlwrature 
varies from the surface ul'wftrd inversdy as the square of the ùi
tance 
from the centre of the planet. Let us further assume tbat ga
es there 
fol1o,v the s:nne Jaw of expansion as terrestrial gases, and that tlJis law 
holds for all temperatures a.hoye 32 0 Fahr. 'Yith these a!o:sm.uptions, 
it is possihJe for ns to sul)ject our [Juesses to calculation, a'1d thus learn 
how far they are admissible. 
.l\s resl)ccts the telescopic appearance of those planets, it i
 plain 
that we have but little evirlcncc of an atmosphere outside the highcst 
cloud-layers. That thpir atmospheres extend above the hig]le
t clouds 
is perhaps certain; but if we attell)pt to explain ;he physical appl'ar- 
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ance of those planets, the condition of the n1!moFphere sbove the 
clouds may be left out of the consideration. ,Let us assume the den- 
sity o
 the atmosphere at the upper surface of the clouds to be equal 
to that of our atmosphcre at the beight of about fiftecn n1Ïles, and we 
shall perhap
 rega.rd it as sufficiently rare. 'rhe height of the upper 
cloud-layers above the surface propcr of the planets .will no,v dCl,cnù 
on the surface-telnperature and on the nU1SS of the atIllo
phere. 'flJe 
lCllD of density for different heights above the surface of the planets is 
almost independent of the n1a

 of the atnlospherc, unless ,ve consider 
the 1l13SS as very gl"Cat in compari
on ,vith t}Jat of the planet wbich it 
surrounds. L 
Let us suppose the density of the atmosphere at the snrface of the 
planet to be equal to that of water-and such a density is certainly 
too great for either Jupiter or Saturn-it is then possible for ns to cal- 
culate the height of the clond-Iayers to which we }Ja\"e already re- 
fprred, if the teIuperature be given; or, if the height ùe given, to cal- 
culate the temperatnre of the surface of the planet. ".... e have seen it 
suggested that, if this height be assulued equal to 2,000 nlÏles, it ,vill 
enable us to explain the telescopic appearances of Jupiter and Saturn. 
This beight for the fonner planet requires a surface-tenl})erature of 
45,0000, and for the latt
r 20,000 0 Fahr. It seems to be quite evident 
that these temperatures are much too high. That Jupiter and Saturn 
give out more light than t}1ey receiye from the snn, seûll1S nearly cer- 
tain; but a ten1pcrature of 20,0000 would seem to imply a lunch greater 
intrinsic splendor than either J npiter or Satnrn possesses. 1 
Prof. Proctor, in one of hi
 articles, assunles the height of the 
highest clond-Iayers to be 100 miles above the surface of the planet. 
This hnplies a temperature of 1,800 0 for tIle surface of Jupiter, and 
of 600 0 for that of Saturn. \Ve must now conclude that the cloud- 
layers \vhich form the outlines of tbe disks of Jupiter and Saturn are 
scarcely 100 miles high on Saturn, and considerably les
 on Jupiter; 
for ,,"e have assumed the surface-density much too lligh, and probably 
the density of the upper cloud-layers mnch too Rmnll. 'Ye cannot 
certainly consider the temperature of either planet above 2,0000 
Fabr. 
The IIerschelian figure of Saturn can probably be explained by tIle 
surface cloud-layers in its atnlo
phere. 'Ve need a greater number 
of and more careful observations on Jupiter and Saturn. 


1 These calculations are based on a mathematical paper read before the American 
Philosophical Society, Xovember 3, 1876. 
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A LFRED RUSSEL '\1\LI
ACE, an English naturalist, was ùorn 
at U sk, :\10nn10t:1thshire, January 8, 1822. He wm
 eInploycd for 
seycral years in the :l.rchitectural office of his brother, anù then de- 
yotcù himself to natural history. In 1848 Le acconlpanied )1r. II. '''". 
Bates in a scientific expedition to Drazil, where, after a }H"otracted 
sojourn in ParÚ, he explored the prhneval forests of the Anl:1zon and 
llio Negro, returning to Englanù in 1852. llis valuaùle collectioì1
, 
especially rich in the departlllents of ornithology and Lutany, 'were ín 
great part destroyed by IShilHvreck. In 1853 he }Hlùlißhcd "Travels 
on the 
\Inazon and lUo 1\ egro" and" l)alm-Trees of the Amazon 
and their U :scs," and in 1854 undertook a journey to the East Indies, 
\\Tllerc for a l)criod of nearly eight years he explored the greater part 
of the islands constituting the l\lalay l\rchipelago, and portions of 
Papua. "T}1ile pursuing his researches relative- to the faulla ana flora 
of these regions, )lr. 'Yallace, unaware of Darwin's previous labors 
in the sallIe dircction, attempted tIle solution of the proùlelll of the 
origin of species, and arrived at ahnost the 
anle general conclu
ions 
which ,vere simultaneously reached by that naturalist. IIi
 paper 
"Ou the Tenùency of 'T" arieties to ùepart indefinitely from the Origi- 
nal Type," transmitted through 
ir Charles Lyell to the Linnæan 80- 
ciC'ty, ,va
 read before that body on July 1, 1858, coincidently with 
the reading of 
1r. Darwin's paper" On the Tendency of Species to 
fornl Varieties, and on the Perpetuation of Species and 'T al'ietiefì hy 
nleans of X at ural Selection." Though recognizing the efficacy of 
natural selection in producing most of the changes attributed to itl3 
action by 
[r. Darwin, he denies its conlpetencc to eficet, without the 
joint agency of sonle bigher cause, the transition to nlan frum the 
anthropoid apes. In 18û2 1\[r. 'Yallace returned to England, .where 
for several )Tcars he 'was nlainly engaged in the cla

ifieation of his 
vast collection, which emln"aced upward of 100,000 entonlological 
specimens, and more than 8,000 birds. The results of hi
 Ea
tern ex- 
plorations were partially eml)oiIicd in "The ::\Ialay .Arcllipelago: the 
Laud of thè Orang-utan and t I}{
 Bird-of-I}aradise" (1
6{)). .:\1 r. 'Yal- 
lace ha
 of late heen prominently a

ociated wit}) the l)l'li('Yer
 in the 
f'o-callcd Fpiritnalistic phenomena, to the exan1Ïnation of whieh he has 
devot('d special attentiòn. IIis observations 'werc pul)li
hea in a sc- 
ries of c
says in the Fort/dg/ifl!! Review for 1874, r('printed a
 "
Iir- 
aclcs and )[odern Spiritua}i
m" (1875). Iu 1868 he r('('eiyetl the 
royal nlcdal from the Royal Society, and in 1870 the gold medal fronl 
the Geographical Socicty of Pari
. In 1R70 h(' puhlished ,.. Contrihu- 
tion!' to the Theory of X atural Relection." IIi
 elaborate ,york" On 
the Gcograpbical Distribution of 1\nimals" (2 yols.) appeared in 1876 
in English, French, and Gennan. 
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CORRESPONDENCE. 


A CURIOCS SALJ

 DEPOSIT. 
To tile Editor oftht Popular &ienCð J[o
,!fJ.
V. 
C IR: A 5ingular natural phenomenon has 
U recently come under my observation. 
A
 I have never heard of it before, and as 
it appears almost incredible to all who have 
heard me speak of it, I thought it well to 
gh"e it publicity through the columns of 
your monthly. 
During the present month, while out on 
a scouting expedition, I spent three days in 
Deep Sprin
 Valley, a lonely place in the 
"
hite )[ountains in Inyo County, Califor- 
l1ia. During one day of my stay, the 5th 
of )Iarch, I found that the Indians were 
eatching wilà aquatic birds of all sorts in 
Deep Spring Lake by 
imply wading into 
the water and seizing them with the hands. 
The birds, at that time, had tbeir plumage 

o heavily cOi\ted with a saJine compound 
that they were totally unable to fiy, and thus 
{ell an easy prey to the savages. On inquiry, 
I was told that this salt formed on the birds' 
br'easts and wings, so as to prevent flight, 
only during a very short season of the year, 
and then under a peculiar combination of 
drcumstancE's. The season lasts from about 
the first of March to the middle of April, 
and the birds can only be caught from dawn. 
. until about nine o'clock in the day, when 
the previQus night has been perfectly clear, 
with a 
entle wind from the north. The 
birds are then found in the southern part of 
the lake, incrusted with the salt. On the 
:first night that I spent there the sky was 
cloudy and the wind was from the north; 
on the third night the sky was clear and the 
wind was from the south, and no ducks 
were caught on the following morning; and 
from my own observation I can say that 
none were incrusted. But during the sec- 
ond night of my stay the conditions were 
exactly favorable, and ducks were caught in 
abundance next day. In 1875 I visited the 
same locality in the month of December, 
and neither heard nor saw anything of this 
mode of cltching wnter-fowl. 
I weighed one duck immediately after it 
WflS caught, with all the incl'ustation intact, 
and again when the salts were cleaned off, 
and found tha.t the latter weighed six pounds. 
The duck seemed to have been drowned by 
its burden; its eyes and bill were complete- 
ly closed by a lar
e lump of the salt. 
Some small fresh streams enter the lake 
at the northern end; and on the favorable 
l1ights the Indians take the precaution to 
build fires and hang out cloths at the mouths 
of these streams, to prevent any of the ducks 
from entering the fresher water and thus 


having the salty incru1'tation dissolved or 
washed off. During these favorable nights, 
also, the Indians collect on the southeast- 
ern shore of t.he lake and þerform a duck- 
dance, in which they 8.l'tisticalJy imitate the 
motions, habits" and calls, of different kinds 
of water-fowl. Throughout my entire EO- 
journ on the shores of the lake, its shallow 
waters were rendered turbid by the wind; 
but they were equally turbid with a south 
as with a north winù. 
As the lake of which I speak is the only 
one known to these Indians where ducks 
may be caught in this manner, it may be 
well to dcscribe it more particularly. It 
lies in a desert valley, 6,200 feet above 
the sea. It is about one mile in length 
from north to south, and about three-quar- 
ters of a mil
 wide from east to west. Its 
average dcpth does not exceed three feet, 
although there are a few deeper holes in it. 
The land around is sandy, and covered with 
" sage-brush." During the past summer 
the Indians took fmm the bottom of the 
lake several tons of salt, which was sold to 
quartz-mills in this neighborhood as chloride 
of sodinm, sufficiently pure to be used in the 
reduction of ores. It is said that the amount 
obtained in two days was fourteen tons; but 
this estimate may be taken, in more sense8 
than one, cum grano salis. 
I scnd you a specimen of the salt, which 
I 
athered myself frorn one of the ducks, 
and am very anxiou
 that you would have 
it analyzed. 'V. ,Yo 'V ornERsPooN, 
Lieutenant Twelfth U. S, Infantry. 
CAMP INDEPENDENCE, INYO Co., CAL., } 
JIarch 15, 1877. 


The fol1owing analy
i8, made by Dr. EI- 
Wpl \Yaller, of the School of 
lil1es, Colum- 
bia College, gives tbe composition of the 
deposit above referred to : 
*Snlphate of Boda..... . 
 . . . ., . . ..57.37 per cent. 
*Sulphatf' of potu!"h.. .. . ... . . . . '.. 8.09 u 
Chloride of potasl'\iuru.... . .. . ... 0.82 " 
Carbonate of linle...
........... 2.
4 ,. 
Carbunate of magnesia.... .'... 2.50 
Sand and clay.... ". . . ,.. ..... .. .10.41 
Moistul'e..... " " .. .. ..,. .... . .. .16.30 
Bicarbonate of soda. . . . . . . . . . . . ( tract') 
Organic matter.. . . . . . . . . . . , . . . . .. 2.32 


u 


" 
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FERMENTATIO
 AND DISEASE. 


To tlte Editor qf tIle Popular Seiencð J1Eontltl!/. 
PROF. Tn,DALL'S lecture on "The Re- 
lation of Fermentation to Putrefaction anci 
· Calculated from the data afforded bv the 
weight of the combinerl @u1phatceo., and a deter- 
mination of the salphuric acid present. 



CORRESPO...)TIJE1{CE. 


Disease" explains so many phenomena 
which I have noticed, that I am disposed 
to accept it with avidity. l\ evertheless, 
there 5eem to be 
omc contradicting facts. 
Once, when sen"ing with a troop of cavalry, 
a young and apparently healthy beef was 
brought to us, which we 81au
htered, and 
set about cooking immediately. 1'0 our 
surprise, the tl.esh was tainted. To the 
senses of ta
te and smell the taint could 
not be di-"tinguished from incipient putres- 
eence. A car'eful examination fi1iled to de- 
tect any signs of disease in the entrails or 
any part of the animal. The time which 
elapsed from the killing of the beef until 
the fle.sh was ta
ted was only a few minutes, 
certainly not half an hour. It was in Lou- 
isiana, in the month of April, late in the 
evening, and in cool weather; notwithstand- 
ing unprejudiced stomachs and resolute 
appetites, we were obJiged to desist, and 
make a hungry camp. 
Another instance, and much more in- 
compatible with the bacterial theory of pu- 
trefaction as sct forth by Prof. Tyndall, I 
find in Dr. Kane's narrative of his Arctic 
expedition. 1 have not the work at hand 
to refer to the page, but it is where, in 
the early dawn of the arctic morning, he 
watched several times for a reindeer which 
had been indistinctly 5!een, in the faint light, 
hauntin
 a valley about a mile or two from 
the ice-bound ship. He finally succeeded 
in killin
 it, and his men ate one meal; but 
the carcass putreficd before they could eat 
again. Thi
, and the temperature of the 
air many degrees below zero! He !!OCS on 
to say that the sudden putrefaction of meat 
in the arctics is common; that sometimes 
a bear or a deer would spoil before it could 
be flan
d. Can it be that there are arctic 
bacte
'ia ?-that in warmer countries there 
are exceptional kinds which ha
ten putre- 
faction at such a rate? Can it be that the 
cells of the flesh in certain circumstanl"es 
produce putrefaction, somewhat as tbe cells 
of fruit produce fernwntation? Or, finally, 
is it so that, both in the C'a
e of Dr. Kane'
 
reindeer and in that of my beef, the animal 
ha.d ea.ten somethin
 which gave the flesh 
a bad flavor, and our imagination 
upplied 
much more than we supposed 
 The facts 
Beed some explanation, and, in the. ca
e of 
Dr. Kanf', are of such weight fiS should 
challenge the general attention of obser'"ers. 
}f. 
L KESXEY. 
BKE:'\HA\I, TEXAS, JIarcl" 2:>, ISH. 


TilE ORIGIN OF nOXEY-DEW. 


To tlie Editor of the Popftlar Sâ(!1lc
 }[ontldy. 
DEAR 
IR: Mr. Darwin :-:a
's, in his la
t 
work, "Cro

 and 
elf }'ertilization in the 
y e
eta hIe Kin
rlom;' page 4-t)
: " Many 
years ago I sugge5ted tbat, primarily, the 
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saccharine matter in nectar was excreted R3 
a waste product of chcmÌl'al (:han
e
 in the 
sap; and that, when the excretion happened 
to occur within the envelopes of a flower, it 
was utilized for the, important object of 
cross-fertilization, being sub
cquently lIluch 
increased ill quantity aud 
tored in various 
ways. This view i
 rendered probable by 
tbe leavt:s of some trees excreting, under 
certain climatic conditions, without the aid 
of special glands, a saccharinc tl.uid, often 
called honey-dew." Iu the mountains of 
X orth Carolina there is a 8pecies of honty- 
dew eagerly 50ugbt for by bees, "hicb is 
rarely seen by persons who have wl'Ïtten of 
it, and is by many 8upposed to be a m) th ; 
but Mr. Rufus )lorgan, one of the be
t ill- 
formed and mo!'t !'ìucce:-:
ful apiarians of 
that section, who hills for several ,'ears ex- 
amined it in aU its stages, is conviilced that 
it is an animal, not a vegetable exudation. 
In reply to my questions respecting it, be 
wri tes : 
"The phenomenon is not only well known 
in my section of the State, but is of annual 
reCUrI"ence. I have frequently studied it on 
green leaves, 
enerany in the mouth of June 
or July, and invariably found it in clo!'1e 
,-icinity to the wen-known aphide5, or plant- 
lice, alwa
's below them, whence I concluded 
they wounded tbe lea"es and caused this 
sap' or 'honey' to flow. But, on further 
examination, I was fortunate enough to wit- 
nf'5S an actual shower of dew, in almost 
infinitesimal globules; and, on getting the 
sunlight at the right anJ!le, these particles 
could be traced to these little creatures, 
u It was a perfectly quiet day, and they 
seemed to eject the globules \\ ith some 
force, making them fly clear of t he leaf and 
fall on the leave
 below. Of cOUl'se, such 
small particles would be wafted away by 
even a 
entle wind, and, not beill
 accom- 
panied by their cause, their origin would 
nece
sarily be obscure. 
u Last spring, before any leayes were 
out, I witnessed a most extl'3ordinary yield 
of it on the pines. It hung in 
reat drops, 
and feU off like real dew" ht'n the branches 
were shaken. At first I was lIIystifil.d as 
to its origin, as I could find no aphide:-:, 
whil'h, according to my theory, ought to be 
present; but on a closcr in
pt clion I found 
them in abundance, not on the green, but 
on the dark or woody part of the t\\ ig. .As 
the:,e little insects Rre of the Fame color as 
the substance on which they are found, they 
are noticed only by close oL
l'r\"ers; but 
there j
 no doubt in m}" mind that thl" honey- 
dew is an exudation from them. These in- 
sect8 are al
o called 'ant-eow:-:,' from the 
fact of ants sE'eming to f'llcl\ them, when 
the
p fire onl
' !!athel'Ín
 thi
 sweet secretion. 
It will.be IHlrd to convince the pulllie of thi3 
simple origin of the honey.dew, U
, of the 
hundreds with whom I conn>rscd re:òpecting 
it la5t year, uone would accept my "jews, 
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except the few whom I took to the trees 
and showed the philosophy of it, and even 
they 5ecmed to re6ret that I had spoileù a 
pet delu:;ion." 
In Ms ., Origin of Species," page 97, )11'. 
Di.\rwin, in speaking of the inability of the 
hive-Lee to suck nectar from tbe reù-clover 
flowers, says: "I ha.ve been a
sured that 
when red clover bas been mown, the flowers 
of the second crop are somewhat smaller, 
and that these are visited by many hive- 
bees. I do not know whether this state- 
ment is accurate, nor whether another. pub- 
lished 
tatement can be trusted, namely, 
that the Ligurian bee, which is generally 
considereù a mere variety, and which frel'ly 
crosses with the common hive-bee, is able 


to reach and suck the nectar of the common 
red clover." 
Both of thèse statements Mr. 
Iorgan con- 
firms, and, acting on the fact that the Ligu- 
rian or Italian bee can procure honey not 
onlv from the red clover but other flower's 
of his section, in which the nectar is inac- 
ces:sib]e to the common or black bee, he has 
ItaHallized his whole apiary by cro
sing the 
black anÙ Ligurian bees, and find
 the cross 
stronger nnù better honey-gatherers than 
the common bee. These facts, a
 coming 
fL'om a practÍl'al apiarian, may be intl'rest- 
ing to the reaÙers of THP; POPULAR 
CIENCE 
.MOXTHLY, and therefore I have ventured to 
send them to you. M. ß. C. 
NEW BERNE, NORTH CAROLINA. 


EDITOR'S 


THE POPT:LAR SCIENCE SUPPLEJfEXTS. 
T WO great tendencies of moùern 
thought are every year more and 
more marked: one relating to its char- 
acter, find the other to the form of its 
expression. The thinking of the age 
is taking a scientific direction, and be- 
coming nlore profoundly imbued with 
the scientific spirit, while the leading 
nlinds of all nations are contributing 
their choicest work for periodical pub- 
lication. Not only are old sciences 
perfecting and new ones arising ,vitlI 
3. rapid development of positive knowl- 
eùge, but the method of the movement 
Ìfi steadily extending to all spheres of 
opinion, and influencing important ques- 
tions with which it was long supposed 
that science had nothing to do. It is 
one of the marked effects of the recent 
growth and diffusion of the Itcientific 
spÏ1.it that it is giving a new em'ne
t- 
ness and seriousnes!i to literary effort, 
bringing forward questions of univer- 
sal interest into greater prominence, 
and inducing in the mOHt eminent 
nlinòs a der;ire to communicate more 
directly anò immediately with th
 peo- 
ple, by the readiest mor1es of pub- 
lication. lIenee, in England, France, 
:md Germany. as weU as in this coun- 
try, the best thought appears in thfi 
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popular magazines. A further result 
of this tendency to earnestness, in re- 
cent periodical writing, is that authors 
are taking the responsibility of their 
work before the public, by attaching 
their names to their magazine contribu- 
tions. The old and vicious system of 
anonymous writing in the reviews is 
declining, and giving place to the open, 
manly, and honest expression of the 
writer's convictions. Through the op- 
eI'ation of such canscs, periodical litera- 
ture is acquiring a weight and influence 
in onr time much greater than it bas 
ever haù before. 
TIlE POP('"LAR SCIEXCE J\IoNTITL y was 
established in recognition of these ten- 
dencies, and to make the vig-orous, valu- 
ahle, and independent intellectual work 
of the age, wherever dQne, Juore ac-. 
cessihle to .American readers. We have 
drawn, for our articles, from foreign 
sOl
rc
s, because science is of no Ra- 
tionality, nnd it is an obvious dictate 
of common-sense to get the hest thin
s 
wllerever they fire to be had. This 
policy has been approved by tire pub1ic, 
and now, after ten volumes h:we ap- 
peared, we find our limits so inaùe- 
quate th
t nn increaHe of faci1ities be- 
comes necessary to secure the obj
ct 
for ,v}JÎch the magazine wus started, 
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Fo many excellent t11ingq lun-e becn 
con
tantly 
lipping by us fur whidJ 
there was no roum in the pages of TIlE PROF. JEVOXS has contributfld fin 
MOXTllLY - so lllany sterling pttpers article to JIind (copied into TIlE Pop- 
which our readers would prize, and ULAl
 SCIE);CE 
l'I)PLE:MEXT, 1'0. 1), in 
have often called for-that we find our- which he attempts a ùefense of h cram" 
sel,-es now compelled to rc!-\urt to the in eonnection with the sy
tem of com- 
bsue of f:'upplement
 in order to ac- pctitiV'e examinations. t;uch is tlJC 
complish the purpose at first had in working of that system, and so inevita- 
view. The volumes that we have thus bly does it lead to crammin
, that it is 
far furnished undoubtedly contain the not difficult to see either that the S
'8- 
largest amount of varied and valuable tem must be abandoned or "cram ," 
lllental work to be found within equal defended; and Prof. Jevons intrepidly 
limits in any periodical of any country, takes the latter filternatiye. ". e ad- 
and we now intend to increase its scope mire his pluck but condemn lJÍs logic. 
and influence by the help of these sup- Clear thinker as he is, in this brilliant 
plementary issues, so as to meet the find specious paper lJe has simply con- 
augmenting requirement
 of the times, fused an important subject in tlJC inter- 
and make this publication the COlll- est of a questi.onable cause. 
pletest reflection of the scientific and He makes his case 1y drawing a dis- 
philosophic progres
 of the age that can tinction between two sorts of "cram," 
ùe anywhere obtained. It will represent which he cans" good cram" and" bad 
the cuurse of contemporary thought cram." lIe says: "A candidate, pre- 
on subjects of leading interest, preserve paring for an importnnt competitive 
it=, most permanent elements, find form examination, may put himself Hnder 3 
a-comprehensive and independent sci- tutor well skilled in preparing fur that 
entific library, well suited to the wallts examination. The tutor looks for 
mc- 
øf non-scientific people. ce:,s by carefully directing the eandi- 
During the en
uing year TnE POP"L- date's 
tuùies into th(' most 'IIfi).ing' 
L\R SCIEXCE SrpPLE)IEXTS will appear lines, and restricting them rigorou
IJ to 
once a month, containing, each, ninety- tho
e lines. The training given mflY 
six pages, price twenty-five eents; find be of nn arduous, thorough character, 
they will contain the freshest and most so that the faculties of the pupil are 
important articles that appear abroad, stretehed :.md ex('rci
ed to their utmo:-t 
of the smne general f'haracter a
 the in those lines. This would be called 
past contents of TIlE POP"GLAR RCIEXCE 'crmn,' because it involves exclusive 

[oxTnLy. Objef'tion has sometimes J devotion to the answering of certfiin 
been made that THE 
[OXTIILY is high- i examination-papers. I cfill it 'good 
priced, hut it lw
 been furnished as cram.' 
cheaply as th
 nature of the entcrpri:;;e u' Baù cram,' on tbe other lland, con- 
would allow, There is no maxim of si:;;ts in temporarily impres
ing upon 
trade more soulltl and practicál than the candiùnte'e mind a coJl\?ction of 
that value must he paiù for, find that facts, dates, or formula, held in ß wholly 
the lowest-priced gouds are alway" the undige
h}d btate, and ready to be llis- 
poorest, find but rnrely the ('heape
t. gorged in the examination-room by un 
Quality should certainly ùe taken into net uf mere _memory. A candidate un- 
ficcount in our lllental nutriment if ahle to apprerinte the hearing of Eu- 
nnywhere, and TilE PUPFLAR f'nF.XCE did's refisoning in the fir
t book of 

[OXTIILY and its S"LPPLE)IEXT:i will his' Elements,' may learn the propo- 
furni:-õh the cheapest first-c1a:,s reading 
itions' off hy hefirt-dial!ram
, letter
, 
in the lTnite<l States. :l1ld all-like a Sunday-tI;chular learning 
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the collects and go
pels" Dates, rules. means that its metaphorical use in ed- 
of grammar, and the like, lllay be ucation is d
ri\?ed from a disagreeaùle 
, crammeù ' by mnemonic lines," etc. physiological experience. But is its 
'Ve object to this distinction. "Bad lllental application really so Inetnphori- 
cram" llieans a great deal more than cal, after all? One may eat so as to 
Prof. Jevons here indicates; and his keep pace with the digestive and assim- 
"good cram" i:i either "bad cran1" or ilative processes of the system, or he 
no "cram" nt all. He is mistaken in may exceed that rate in taking food, 
limiting what he calls" bad Cralll" to which is cramming. But is not mental 
loading the memory with formula with- acquirement also based on physiological 
out understanding principles, as in the activity, and subject to a time-rate de- 
illustration he offers of Euclid's" Ele- pending upon cerebral assimilation 
 
ments." It is possible to "cram" the The" cram" of the dining-room and 
npprehension of a subject as well as its the" cram " of the school-room are, at 
verbal forms. ""'e knew a young lady bottom, the same thing, merely involv- 
in one of our leading academies, the ing different physiological organs. 
only female student in a geometry-class Prof. J.evons, indeed, yields this 
of twenty, who, under the spur of fem- point explicitly. He concedes the 
inine vanity, kept her position at the physiologicál ùasis of mental culture, in 
head of the class for the whole term, saying: h It is the very purpose of a 
giving the demonstrations every time liberal education, as it is correctly 
when tbe gentlemen broke down, and called, to develop and train the plastic 
having the clearest understanding of fibres of the youthful brain so as to pre- 
the subject which such a prolonged vent them taking too early a definite 
ordeal compelled, while the whole ex- 'set,' which will afterward narrow and 
perience amounted to nothin
 for per- restrict the range of acquisition and 
Inal1ent effect. The boasted discipline judgment." But if it is plastic fibres 
was a pure illusion. She lived for a. and cells that we 11ave fit last to deal 
whole term in a sort of atmosphere of with, wllat escape.is there from the 
geometrical excitement, and upon leav- conclusion that true education - the 
ing the school the Inathematical fever leading out of the faculties-lllust take 
su bsided and the geometry disappeared its rate from the measnréd processes 
like a dream. It was a case of pure of nervous growth 
 
"crmn." Time was not taken for òi- Prof. Jevons's "good cram" is de- 
gestion-for the deepening of acquisi- fined as arduous and thorough study 
tion and the consolidation of mental directed to the winning of hOnOl"S at 3. 
haùits. "Cram" refers not so much competitive examination. But thorough 
to any form or kind of acquisition (a1- study, carried on under the conditions 
though some favor it more than others), favorable to enduring acquisition, is not 
but rather to the rate of any acquisi- "cram" of any sort
 because the term in 
tion. Its eS:oientia1 element is excessive its e
sential meaning exdnd.es thorough- 
and unnatural forcing-a stuffing' of ness. We shall not deny that much 
lllcntal a1iment, that may be excellent vigorous, persistent intellectual work 
in itself, but out of relation to natural may be accomplished under competi- 
appetite or healthy as
imi1ation. Prof. tive inspiration, in which no "cram" is 
Jevon:-; says that the epithet" cra.m" involved; and we think Prof. Jevons 
afforòs an admirable "cry" for the commits a harmfnl error in app}yin
 
.. opponents of the examination-system; the term "cram" to such study, and 
that" it is short, emphatic, anù happily undertakinp: to quaJify it by an aùjec- 
derived from a di
agreeable physical tive that simply neutralizes it. Lnder 
metaphor;" by which he probably such an authoritath'e sanction, all 
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 cram" will become "good cram," 
and a plausible excuse be thrown oyer 
one of the most extensive vices of edu- 
cation. 
Prof. J(jvons's object is to defend 
competitive examinations; and there is 
a painful significance in tl
e fact that 
he admits the system to be so involved 
and bound up with the practice of 
" cram," that nothing remains but to 
wrest the word from its established 
meaning, and give it a new and re- 
spectable meaning. His tactics are in- 
genious, bu t nothing is gained by them. 
However the words are altered, the facts 
will remain. 
Prof. J evons strives to strengthen 
his view by carrying it out into the ap- 
vlication of practical life, which he 
maintains to be little else than a sphere 
of incessant "cram." lIe says: H The 
actual facts which a man deals with in 
life are infinite in number, and cannot 
be remembered in a finite brain. 
 . . . 
In some cases we require to remember 
a thing only a few moments or a few 
minutes; in other cases a few hoUl's or 
days; in yet other cases a few weeks or 
months; it is an infinitesimally small 
part of all our n1ental impressions 
which can be profitably remembered 
for years. :Memory may be too reten- 
tive' anù facility of forgetting and of 
driving out one train of ideas by a new 
tnlÏn is almost as essential to a well- 
trained intellect as faculty of retention. " 
He then goes on to say that the lawyer, 
the physician, the merchant, "deal every 
day with various combinations of facts TIlE Rey. Moncure D. Conway writes 
wliÎch cannot -all be storeù up in the gossipy letters fron1 London to tbe Cin- 
cerebral framework. and certainly need cinnati Commn'cíal, and in his eager- 
not be 80. . . . . The practical barris- ness for sensational statement 50, as is 
ter 'crams' his brief;" and "what is usually the case with gossips, is quite 

 cran
' but the rapicl acquisition of a too careless of their trutll. lIe ha:
 
series of facts, the vigorous getting np started the story that the clo
ing 1'01'- 
of a case?" tions of :Mr. Herbert Spencer's H Prin- 
X ow the upshot of all tllÎs i
, that in ciples of Sociology" are :-;0 loosely anù 
Hfe we have com-tantly to make tempo- badly written as to indicate that Sppn- 
rary acquisitions and which often rc- . eel' is showing n decline of JlÎs ml'ntal 
, '. . 
quire vigorous exertion: Rut will it be I power
. This haq created. an
:}(
t)- In 
pretended that the makIng of temporary the mm<1s of many, and "e 11a, e re- 
VOL. XI.-16 
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acqubitions is the legitimate work of 
education? A lawyer may" cram" his 
case, but if he succeeds with it he must 
not have crammed his law. There is 
undoubtedly a varying value in mental 
acquisitions; some are not worth retain- 
ing, and others are of lrrsting impor- 
tance. But there are facts truths P rin- 
, , 
ciples, that should be indelibly engraved 
upon the minds of students: these 
should be the staple of education, anù 
be the n1eans of that deliberate dis- 
cipline which it is the chief object of 
education to impart. Our educational 
system is virtually at fault in not 113ving 
yet organized a curriculum in which ac- 
quisitions of permanent value are made 
fundamental. Prof. Jevons says: "If 
things taught at. school and college are to 
stay in the mind, to serve us in the busi- 
ness of life, then almost all the higher 
education yet given -in this kingdom has 
missed its mark." Exactly; and for 
this reason the system is unùer sharp 
arraignment, and a " new education" is 
demanded. Prof. J evons'8 a

ertion that 
many things are not worth retaining in 
the mind, naturally leads to tbe vital 
question, "'Yhat knowledge is of most 
worth 
" To nlfike his argument good, 
that knowledge may be crammed be- 
cause of its worthle
sne
s, 110 must 
show that no know ledge is wortb re- 
taining, anù all is to be stuffed with 
a view to getting rid of it. 


. 
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ceived various inquiries fiS to what 
lY'round there is for Mr. Conway's state- 
r:- 
ment. 
It is true that 11r. Spencer JUtS not 
been in good health, and has been com- 
pelled recently to desist frmn labor, and 
it is this circumstance that just now 
operates to give point to Conway's opin- 
ion; hut it is to be remembered that 
:Yr. Spencer's health was not so good 
when he began his philosophical system 
in 18GO fiS it has been since; while in 
wl"Ìting " First Principles" he was often 
compelled to stop work, and go to the 
country for rest and reinvigoration. 
As to the evidence of mental f.tilure 
to be gathered from the work on Soci- 
ology just published, we do not observe 
that anybody else besides Conway has 
found it. The volun1e has been widely 
reviewed by leading English periodicals, 
and none of them, that we have seen, 
share the discernment of the corre- 
spondent of the Cincinnati qommercial. 
On the contrary, they testify to the sus- 
tained power and originality of his work, 
and arc more concurrent and emphatic 
tha:J. ever before as to Mr. Spencer's 
capacity to carry furward the gravest 
and profoundest intellectual. undertak- 
ing of the age. It is, moreover, the 
views developed toward the close of the 
volume that have made the strongest 
impression upon the minds of the critics. 
They see, in his treatment of the ques- 
tions there discussed, especial indica- 
tions of that wide grasp and subtile 
analysis whicb have been so marked a 
characteristic of his pre,?ious philo.soph- 
ical volumes. 'Ve print elsewhere a 
portion of the notice of " The Principles 
of So
iology " that appeared in the Lon- 
dun Eraminer, and it will be seen that, 
in referring to these ,-cry views, ùroup-ht SIX LEf'TURES O
 LWTTT. Delivered in 
out at the close of the book, the writer America in 1872-'73. Bv JOH
 Tyx- 
k " It t . 1 tl t ' 1 c DALL, D. C. L., T.L. D., F. I{. R 
econd 
remar .s, s rI \:(
s us l[t ;) 1'. open- edition. Kew YorJ{: D. Appleton &, Co. 
cer here exhibits an increased power of Pp. 264. Price, 81.50. 
seizing the many influences which con- Y ARIOUS opinions were passed at the 
tribute to a complex result." To do time upon Prof. Tyndall's choice of a sub- 
this in a yast field of comparatively un- ject for his American lectures, and also 
explored phenomena. is certainly the i upon his treatment of it. Some complained 


highest test of intellectual vigor. It i:; 
admitted by those who have reviewed 
the book most thoughtfully, thut the 
ideas reached and developed by Spencer 
in its concluding portions are certain to 
exert a powerful influence in modifying 
the course of current opinion, and that 
they will give a new direction to con- 
troversies that will call out tho best 
effort of the leading thinkers of our 
time. 

1r. Spencer lIas continued his ex- 
position in a. chapter to be appendeù to 
the volume of Sociology, of which we 
give in the present number of the 
MOXTIILY the first installment. To those 
who are solicitous about his breaking 
down mentally, ,ve commend the pe- 
rusalof this paper, and tbe conclusion 
of it, which will appear next month. 
Having disposed in the volume of }1r. 
ltfax lt1ülIer and llis fullowers, who 
were overdoing the myth-business, he 
now takes up the social doctrines of 
Sir Henry Sumner :Maine. ThiR able 
writer maintains a theory of socia] de- 
yelopment in which the stnrting-point 
is the patriarchal system. 11r. Spencer 
holds that this view is l)hilosophically 
defective, as it assumes a c.ertain social 
condition without accounting for it, by 
investigating the anterior and stilllow- 
er conditions of SOChll relation. Each 
one will be his own judge, after reading 
the argument, as to its validity against 
Sir Henry Maine's view; we call atten- 
tion to it here only for the llenefit of 
those who are concerned about the 
truth of Mr. Conway's statement. 
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that hc had choscn a branch of physics so 
wcll settled as that of light, and thought 
that he ought rather to ha\ e cntered into 
somc of the exciting phases of moùel'll sci- 
entific controversy. Othcrs complained that 
he dealt with the suùject in so ('lcmcntary 
a manner, and thought he ought to go into 
it with a profundity commensurate with his 
rcputation, and such as would afford an 
adèqnate excuse for his leaving home and 
going so far away to instruct a foreign peo- 
ple. For we may ju!.'t as well acknowledge 
that thpre was a great deal of narrowness 
and illiberality in the vicw takcn of Tyn- 
dall's errand, and which was by no mcans 
confined to tbe laity. 'fherc was an iIl- 
suppre:,sed jealousy on thc part of some of 
our scientific men, which madc them cap- 
tious in regard to the lectures, and which 
gave weight and currency to objections th
t 
from other sources would have been regard- 
ed as frivolous and unworthy of notice. It 
would have been far easier for Prof. Tyndall 
to have taken up some of the recent contro- 
versial topics, in which the puLlic takes so 
deep an interest, and. read a series of dis- 
courses that would have drawn crowds to 
his lecture-room, in
tead of encumbering 
him"self with tons of apparatns, and bring- 
ing along experienced assi
tants to make 
his lectures thoroughly experimental and 
demonstrative for Jarge popular audiences. 
But his choice of a subject, and his method 
of treating it, have been abundant1y vindi- 
cated. lIe presented the leading principles 
of optics in a strikin
 and impressive man- 
ner, and as connected and interpreted by 
the undulatory theory of light, with various 
lessons and applica tions in regard to the 
uses of scientific theory, and the motives of 
scie'utific re
carch, which the topic \Vas 
o 
well Ruitpd to en.force. Tyndall's 
\meriean 
lectures form incomparnbly the best popu- 
lar exposition of the wave-theory of light to 
be found in any language, and for thi
 pur- 
pose it will long hold its place as- a standard 
book. Acccptini!: the public approval of the 
work for this purpoRP, fiS evinced by the 
f:pveral ('(litions tlwt havc heen callel! for, 
Prof. Tyndal1 has careful1y re\'i:..:ed it, made' 
S0me inlportant addition
, and suhstituted 
ne'w and 
upcrior ilIu
tratlon
, so that the 
edition which now appC'arg, although faith- 
fully pre
enting the lectures as they \\ ere 
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delivered, has "Very much the a
pect of a 
new \\ orlc He has prefixed to the volume 
a fine steel engraving, by 
Ir. .Adlard, of Dr. 
Thoma
 Young, whose position in model n 
phy
ics he holù..; to be only second to that 
of S e\\ ton, and in a full appendix of instruc- 
tive notes and extracts he has incorporated 
the adùresses of President Barnard, Dr. 
Draper, Pre
ident 'Yhite, and his own re- 
marks, at the Tyndall hanquet which fol- 
lowed the close of his lectures in K ew York. 
In his preface to the second English edition, 
now republished here, Prof. Tyndall remark's 
as follows of the object he had in view in 
preparing the American lectures: "I have 
sought to raise the wave-theory of light to 
adequate clearness in the reader's mind, and 
to show its poW'er as an organizer of optical 
phenomena. From wbat has been recently 
written on such (.luestion
, it is to be inferred 
that the origin, scope, and warrant of phJ
i- 
cal theories generally, eon
titute a theme of 
considerable interest to thoughtful minds. 
On these points I have n
ntured, particular- 
ly in the second and third lectures, to state 
the "Views which my own reflections have 
suggested to me. To produce a f'ystematic 
treati
e on li
ht was, of course, quite \\ ide 
of my aim. My de'sil'e, rather, was to throw 
into a 
mal1 compa
s an exposition for 
which I should have been grateful at a cer- 
tain period of my own studies. I wi:;hed, 
in the fir
t place, as the pI ime condition of 
all satisfactory progress, to clear the reader's 
mind of an indi
tindness r('garùing element- 
ary facts and eonception
, and to whet in- 
cidentally the desire for further kno\\ ledge. 
r wi:5hed, moreover, for the s
ke of that 
numerous portion of the community who 
are intere:-:tf'll in the matel'Íal rcsults of 
science, to tl'ace effects to their causes, hy 
showing how such results receh'e their 
primary vit,lIization from the thought...; of 
men with no material end in view. The 
, Summary and ('onclu
ion,' which lllip:ht he 
read as an introduction, is for the most part 
devoted to this ohject." 


f'ACTS AX}) FAXCJFS ABorT FI!=I1: TilE :KEW 
YOHK .A(lUARlDI. Kc\V York: D. .A.p- 
pIcton & Co. Pp. 1:>. 
TIII
 Jittle pamphlet is Part I., Ko. 1, of 
a f:crie::; of popular" natural hi:.:tory mono- 
graphs by 1[1'. "T, So 'Yarù, naturaIi:.:t of 
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the N e\V York Aquarium, and contaiils a 
very readable nnd instructive .account of 
the natural objects that are to be seen at 
that meritorious institution. It is profuse- 
ly illustrated with capital cuts by Beal'd, 
Church, Kelley, and others. It is :Mr. 'Yard's 
purpose to publish these parts from time to 
time, as circumstances warrant, with the 
hope that they will meet with such a de- 
iuand as will lead to a periodical issue-a 
hope which wiII soon be realized if his en- 
deavor meets with the success it deserves. 


E:5SA YS os POLITICAL Eco
o)[Y. By FRÉ- 
DÉRIC B A.STIAT. English translation re- 
vised by David A. 'V ells. Sew York: 
G. P. Putnam's Sons. Pp. 291. PI'Íce, 
$1.25. 
A)IOXG the modern political writers who 
have labored to vindicate liberty of trade 
and to expose the fallacies and economical 
failures of protection, Bastiat in many re- 
spects stands unrivaled. Other men may 
perhaps have gone deeper into the philoso- 
phy of the subject, or contri\mted more 
toward the establishment of political econ- 
omy as a body of scientific principles, but 
no man has done so much as Frédéric 
Bastiat to explain and illustrate its truths, 
and enforce them upon the popular mind.' 
A thorough master not only of the subject 
but of the art of lucid, attractive, and tell- 
ing statement, his economical essays are 
well worth reading, if only for their literary 
effect. '!tIany writers can make reading 
pleasant if allowed to choose their themes. 
Political economy has long been proverbid 
. for its dl'Y, statistical repulsiveness-has 
long been known as " the dismal science; " 
but in the hands of Bastiat it i:;; as far as 
pos
ible from being either dry or dismal. 
)[1'. 'Yells, tbe editor of the present work, 
gives the folIowing account of it in his 
preface to tbe ..American edition: 
" This little volume is made np of a selection 
from the essays. of 1\1. ßa,. tiat, that have in a 
bigh degree these popular and attractive charac- 
teristic
; such as a presentation of the nature 
of capita1 and intereRt, and the relation of the 
two; a discussion, uniler the title, 'That 
which is seen and that which is not seen' of 
tbe evils that ahvavs result from limitiuO' 'con- 
sideration of the cffect of an economic la\;, tax 
or institution, to its immediate visible influence' 
and ignoring its ultimate conscquences, intro: 
ducing, in so doin
, the iJlustration which has I 
passed into many languages, ot 'The Broken 


Window;' also the questions of 'What is Gov- 
ernme.at?' · '''hat i.s !tlont'y?' aud the nature, 
object, and function of wbat is popularly and 
generally termed · the 1aw,' without reference 
to any particular code or statute. So accept- 
able, indeed, have these 
bort, selected essays 
prov
d to the public, that repeated editions of 
them have been published in France, Belgium, 
Germany, Italy, England, Hnd the United States; 
and uU that the editor has bad to do with t.he 
present American edition has been to revi
e 
the previous English tralJslation, wbich wa
 ex- 
ceedingly imperfect, and ill some instances ab- 
801utely without meaning. 'V here the text- 
which was originally written to meet the con- 
dition of affairs in France at the time of tbe 
overtbrow of the monarchy and the estab1ish- 
ment of the republic in 1848-could be changed 
verbally with advantage to meet the ditl'ereut 
condition of men, laws, and thing!:!, at present 
existing in tbe United States, such cbanges have 
been made, Ei,1glish names being sub8tituted for 
French ones, doUars and cents in place uf francs 
and sous, and the Hke. A few notes pertinent 
to the subject-matter of the text, and drawn 
mainly from the recent economic experience of 
the L"nited States, have al
o been added." 


THE EFFECTS OF Cnoss AXD SELF FERTILIZA- 
TIO
 IN THE VEGETABLE KINGDQ)I. By 
CHARLES DARWIN, .M. .1\., F. R. S. New 
York: D. Appleton & Co. Pp. 482. 
Price, 82. 
TIlE name of the author upon this title- 
page is an assurance that the book is a 
solid contribution to the advance of that 
branch of biology which may be named 
philosophical botany. It is the result of a 
long series of elaborate, páinstaking in- 
quiries into that curious and mysterious 
field of organic activity, the process of fer- 
tilization in plants. The inquiry is hardly 
popular, and wiII only have its deepeRt in- 
terest to those who know something of the 
technicalities of botany. Yet Mr. Darwin 
has prefixed to the volume an excellent 
chapter of introductory rem
rks, which will 
prove 
enerany intelligihle and instructive; 
and there are but few who ".m read this 
chapter and not be lured forward by the at- 
traCtive and fascinating import of the dis- 
cussion. 'rhe author also adùs a very im- 
pOl'tant chapter of general results, in which 
he states the practical bearing of the in- 
quiry as respect
 the art of the agriculturist 
and horticulturist. His discussion is at the 
basis of the problem and the intelligent 
practice of breeding. He furthermore 
points out its great theoretical significance 
to tbe scientific inquirer, who aims to go as 
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deep as possible into the question of K a- 
ture's economy in continuing, diversif)'ing, 
and gh'ing staIJility to the course of life 
. 
upon our gloDe. 


.A
 ALPHABET I
 FINANCE. .A Simple State- 
ment of Permanent Prineiples and their 
Application to (iuestions of the Day. 
By GRAHAM 
1cAD.AM. New York: G. 
P. Putnam's Sons. Pp. 210. Price, 
$1.25. 
" THIS little book," we al'e told in the 
preface, "was writtcn as a political duty;" 
and it. would be a blcssing to long-suffering 
lbteners and readers if everyone who feels 
a " call J) to preach or to write was as well 
fitted for the task he undertakcs as Mr. 

IcAdam. He has succeeded in treating 
the elementary principles of finance briefly 
and at the same time clearly, simply, and 
effectively; and his discussion of the com- 
moner fallacies and often-l'epcated stock 
arguments of the inflationists is so good, 
that it is to be hoped the hook will find a 
circulation among them. The chapters on 
h Money a Creation of Government," 
, Pure 
Credit 
Ioney," "'''"f.at is a Specie Basis?" 
"Banking J)-all brief-are mode1s of state- 
ment in their way. Although the author 
apparently accepts )h. Jevons's views as to 
the word value, the somewhat ambiguous 
way in which he uses that term makes the 
chapter on "The Qualitics of Gold for 
)Ioney" slightly obscure, which is to be 
regretted, for much of the success of infla- 
tion arguments is rooted in the hazy notions 
concerning what is called the value of gold. 
'Ve would call the author's attention to the 
statement on page 130, that "$4.444 still 
remains by custom tbe nominal par" (of 
exchange), the fact heing that the nominal 
and real par have been in aÄreement, at 
$4.866, both by uRage and "Gnited States 
statute for two years or more. 


REPORT OF THE GEOLOGIC \L RUR'VEY OF 
I
DIAXA, 187:>. fly E. T. ro
, State 
G('010gi
t. Pp. 5
V. 'Yith Maps and 
Plates. 
D[,"RJ
G the year IR75 the f:eneral work 
of the survey of Indiana was carried on in 
nine co.unties: Yigo, Huntington, Jennin
f:, 
Ripley, Ol'ange, Y anderhu"
h, Owen, Mont- 

omery, and the southeastern part of Clay. 
A speeial reconnaissance was made of the 
coal-measure rocks of Putnam County; al:;:o 
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a f'pecial hydrographic survey of some of 
the lakes in the northern portion of the 
State. Besides the results of these re- 
searches, the report cOlltains observations 
on fossil marine plants from the coal-meas- 
ures, by Mr. L. Lesquereux, and a catalogue 
of the ".. abash Y alley flora, by Dr. J. 
Schenck. 


IVANHOE. By 
IR 'Y ALTER SCOTT. Also 
OUR MUTUAL }'RIEXD. ßy CIIARLE
 
DICKE
S. K ew York: Holt" 8, Co. Pp. 
3:>0. Price, 
l. 
THESE little volumes belong to the 
" Condensed Classics" series. The text is 
absolutely identical with the original works, 
except that much of the le
s essential mat- 
ter of the latter has been omitted. If any 
one thinks an acquaintance with all the 
leading writers 
f bis language to b
 neces- 
sary, he must resort to condensations like 
tbis. Life is not long enough to enable a 
man to read our entire" polite literature" 
through. 


.ANNUAL REPORTS OF TIlE ZOÜLOGICAL SOCIE- 
TY OF CINCINXATI, for the years 1874- 
'75-'76. Cincinnati: printed for the 
Society. 
IT is to be regretted that an enterpri
e 
containing so mueh spirit should not as yet 
have proved a pecuniary success. The fol- 
lowing is interesting: "In Europe there are 
now [1874] in operation, or in process of 
construction, more than eighty zoü10gical 
gardens, and, almost without exception, they 
2.re profitable, and in some cases largel)' so. 
The experience in Philadelphia is encourag- 
ing, while that of the garden in San Fran- 
cisco is . . . . marvelous." Strange that 
the last report contains no list or statement 
of the animal:; ! 


DAVID AND AX
A MATSOX. By ..ABIGAIL 
SCOTT Du
nYAY. Pp. 194. "..ith 11Ins- 
trations. 1\ ew York: S. R. \Yells &, Co. 
Price, B2. 
INASMUCH as it does not lie within onr 
provj;
ce to estimate tbe value of work
 of 
the imagination, we will only say of this 
volume that its theme is the" tender pas- 
f'ion," in one of its man:y phases; that the 
verse
 are 
mooth and musical enough, find 
that the nwchanical make-up of the book 
is arlmiraIJle as regards print, paper, and 
binding. 
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QrALITATIVE CHE
IICAL A:SALYSI:3. A Guide 
to the Practical Htudy of Chemistry and 
of the \\
 ork of Analysis. By SILAS H. 
DOUGLAS anù ALBERT B. PRESCOTT, of 
the University of Michigan. 1\ew York: 
D. Yan X ostrand. Second edition, re- 
vised. Pp. 23-1. Price, 83.50. 
TIllS excellent work has grown out of 
the exigencies of chemical teaching. In its 
earliest form it appeared in 1864, and passed 
through several editions. It was intcnded 
to be used, with :Fresenius's "Manual of 
Qualitative Analysis," as a guide to the ex- 
perimental study of substances to be made 
in connection with analysis, but beyond its 
immediate requirements. It is now revised 
and enlarged so as of itself to answer the 
needs of the student, and relieve him from 
the necessity of obtaining more than one 
text-book for inorganic qualitative work. 
Its aim is stated to be, " to aid the student 
in gaining an accunte acquaintance with 
the facts whereby analyses are made; and a 
clear under::;tanding of the coördination of 
these facts-the principles of analysis-has 
been the chief object of this work. It is 
the result of experience in the constant en- 
deavor to prevent habits of automatic op- 
eration ancI of superficial observation in 
anal
'sis." Y arious improvements in 
he 
work are pointed out in the preface to the 
new edition, which have been arrived at by 
the experience of the last ten years, and 
which bring the volume up to the require- 
ments of the times. 


THE CHEMIST'S 
IAsuAL. A Practical Trea- 
tise on Chemistry, Quantitative and Qual- 
itative Analysis, Stoichiometry, Blowpipe 
Analysis, "\1ineralogy, Assaying, Toxi- 
cology, etc. By HE
RY A. 
IOTT, Jr., 
E. M., Ph. D. New York: D. V
n Nos- 
trand. Pp. 623. Price, $6. 
TillS work is designed not for popular 
reading, but for practical students of chem- 
i5try,.and will answer the purpose of a kind 
of condensed library of technical informa- 
tion, in which the ordinary text-books are 
deficient. Compiled by a working student. 
from the needs of his own experience, it 
cannot fail to be useful to others in similar 
circumstances, who will find the lahor here 
done to their hand which they would other- 
wise have to do for tbemselves. The au- 
thor has prepared the work on the principle 
that every scientitic lUan "shoulù compile 


his own pocket-hook, as he proceeds in 
study and practice, to suit his particular 
busines:5." Having accumulated frOl1\ time 
to time a large number of valuable notes, 
tables, and chemical data, which became too 
voluminous to be carried in the pocket, be 
then decidcd to extend, systematize, and 
publish them. Dr. Ch3rles F. Chandler, 
Professor of Chemistry in the Columbia Col- 
lege School of Yines, introduces the work 
by a brief preface, in which be saY8 : 
"This carefully-prepared J,Manual' of Dr. 
1\Iott will prove especially valuable as contain- 
ing a judicious Eelection of the most important 
methods, most of which have been tested by lab- 
oratory experience, and found to give sati
fac- 
tory results. These are presented in a conch:e 
form, with reference to original author
. Tho 
numerous tables of constants will also be fonnd 
of grea t vaiue. This work will possess a special 
value for the student and laboratory-worker, and 
will t\erve as a u
eful reference-book for the gCll- 
eralscientific reaùer." 


Mr. Y an Nostrand has got the work out 
in exccllent style, and we have only to make 
a small complaint of the inartistic monotony 
of the page-headings, which simply repro- 
duce the title of the book, without giving 
any guidance to its successive subjects and 
the variety of its contents. 


THE 
IICROSCOPIST. A :Mannal of 1.Iicro- 
scopy and Compenùium of the Micro- 
scopic Sciences, with 205 Illu:-:trations. 
13y J. H. 'VYTHE, A. M.,_
1. D., Profes
or 
of :Microscopy and Biology in the :Medi- 
cal College of the Pacific, H.m Franci:-,co. 
Philadelphia: Lindsay &, Blakiston. }>p. 
2:>9. Price, 
4.50. 
DR. 'YYTIIE'S manual first appeared twen- 
ty-fi\'e years ago, and he now issucs the 
third edition, rewritten and greatly en- 
larged. In regard to hi:3 object in prfpar- 
jng the volume, the author says: "It is 
proposed in this treatisè to give such a 
'd:s'ltmé of microscopy as 8hall enable the 
student in any department to pursue origi- 
nal investigations with a general knowled
e 
of what has been accomplished by others. 
To this end a comprehensive vicw of the 
necessat'y in
truments and details of the 
art, cr what the Germans call technology, 
is first 
h'cn, and then a brief account of 
the application of the microscope to various 
branches of science, especially considering 
the needs of physichm5 anù students of medi- 
cine." The scicnccs here referrcd to are 
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micro-mineralogy, micro-chemistry, biology, 
hbwlugy, and }Jathologkal histology. The 
work is clearly written, nnd its matter pre- 
sented 
ystel1latically al1d in very judiciow::; 
proportions. It contains a great number 
of beautifully - colored plates, which will 
prove belpful to the student. In an intro- 
ductory chapter on the history and impur- 
tance of microscopy, Dr. \\
 ythe points out 
the many waY8 in which this art has proved 
uticful to lUan in recent times. The follow- 
ing suggestion, however, we had nut met 
\\ ith before, and we tmst it will incite re- 
ligious people to buy micro:5copes and learn 
to use them: U E'ven theology has its con- 
tribution from microscopy. The teleologi- 
cal view of Kature, which tmces design, re- 
ceives from it a multitude of illustrations. 
In this department the war between 
kep- 
tical Philosophy and Theology has waged 
most fiercely; and if the difference be- 
tween living and non-li\'ing matter llJay be 
demonstrated by the microscope, as argued 
by Dr. Beale aud others, Theology sends 
fOl'th a pæan of victory from the battle- 
ments of this science." 


)!ICHIGAX BOARD OF HEALTH. Fourth An- 
nual Hf'pol't (187ö). p}>. 
3(). Lan- 
sing: \Y. S. George 
 Co. print. 
I
 addition to the journal of the proc('ed- 
ings of the board, and sunJry dctail:5 of ad. 
mini:,tration, we have here a great deal of 
matter of general interest: such as 8tatis- 
tics of diseases, remarks on illuminating 
oils, studies of typhoid fever, etc. Among the 
more voluminous essays, we may m('ntion 
papers on means of escaping from public 
buildings in case of fire, vaccination, scar- 
let fever, criminal abortion, water and \Va- 
ter-Eupply, ventilation of railroad-cars, etc. 


2+7 


ofJicers throughout the 
tates and Territo- 
ries of the l:nion; and, finally, \\e have 22 
tables of school stati:,tics, gh'ing informa- 
tion with regard to s,uch matters as normal 
8
hools, highcr school:5 for "owen, college
, 
scientific schools, public libraries, llIu
eums 
of art amI natural histor
., in5titutions for 
the blind, deaf and ùumb, and iùiots, edu- 
cational benefactions) etc. The value of 
the iuformation here conveyed is no doubt 
very considerable, and it is much enhanced 
by tbe addition of a good index. 


IIow TO CA}IP OUT. By JOIIX )L GorLD. 
K ew York: Hcribner, Armstl'Ong ð:. Co. 
Price, 81. 
THIS is the best work of the kind ever 
published. Mr. Gould is the autho\. of a 
"Regimental Hbtory of the 'Yar," which 
received the highest commendation from the 
K cw Y ork lt
ation nnd Eu,Tling Post. He 
has camped in every way, and, being a man 
of the keenest observation and po:-:s('s
cd 
with the orderly facuIty of noting down ev- 
erything, has given in this book advice and 
suggestion of tlte greatest valuc to those 
who go on camping or tramping expedi- 
tions. 
ound information is given regard- 
ing food, clothin
, boots nnd fhoes, knap- 
sacks, tents, and huts of various kinùs, 
with valuable hygienic advice from Dr. El- 
liott Coues's \\Titin
s. A plt:a.sant vein of 
humor runs through its pages; and to those 
who never sth' out of the city, the book will 
be found entertaining as well as camp-pro- 
voldng. 


8PE:NCER'S PHINCIPLES OF SOCIOLOGY. 


TilE following notice of this importallt 
work is from the re\ iew in the Londun 
Examincr : "The appearance of )11'. 
pl'll- 
REPORT OF TßF. CmnIJ8SIOXF.HS OF E[)L(,ATIO
 cer's first volume on ' The Principles of 
u- 
FOR TilE YEAR 187:>. Pp. 1,189'. "'ash- ciology' will be n 'lIatter of rejoicing to 
ingtoll: Government Printing-Office. tha.t lar
e and J!rowing llUll1ber of readers 
I
 the personal report of Commi:::sioner whose rnind:5 ha\"e bcen deep I)' impre
!'ed 
Eaton, whil'h occupies tIle first 170 pages and rouscd to ne\\ reflection by the writer's 
of tlli
 volum(', is found an instrueth'e ret- mi.l:,terly expo
ition of the philosoph)" of 
ro::-:pect of the history of popular education evolution. This feeling of joy \\ ill only be 
in thi
 c01mtr)", to
ether with a 
('neral re- tempered by the r('
ret which 
II'. 
pencer's 
\ iew of the prescnt status of primary and re,u]crs will c('rtainly experience on learn- 
superior instruction, bu h in the rnited l inEr, fr?m a notice 
ppend('d to. the \'
Ium(', 
Statf's and in other countrie
; th('n folio" that disturbed health bns ohhged hun to 
voluminous aLstrftct
 of the reports of school I de:,ist when nbout to \\rite eCI taill conclud- 



24 8 


THE POPULAR SCIENCE ....'JIONTHLJ r . 


ing chapters to this present volume, and 
that, in his opinion, ' it may be some time- 
possibly months-before he is able to re- 
sume work .at his ordinary, slow rate.' Still, 
this regret should not unduly depress us, 
seeing that we have now in our hands a 
bulky volume of over 700 pages, in which 
the author lays down the principal founda- 
tion-lines of his scientific structure. }Iost 
of Yr. Spencer's admirers, perhaps, have 
looked forward to the doctrine of social evo- 
lution as the most valuable and interesting 
result of the author's labors. It is quite 
natural, indeed, that many, to whom the un- 
familiar conceptions of biology and the ab- 
struse s16btilties of psychology are some- 
what repellent, should look forward to the 
promised exposition of sociology, with its 
more familiar ideas of' industry, religion, 
government, etc. To this it may be added 
that, just now, there is a large concentra- 
tion of scientific intercst on all historical 
problems, and many who were indifferent to 
the first principles of matter and motion 
will look with eagerness into the present 
volume for its theory of social progress. It 
may at once be said that all who have an- 
ticipated this work will find in it ample in- 
tellectual material of the most interesting 
sort. The author here takes us far enough 
to enable us to see how his previous vol- 
umes have been leading up to a 
lear and 
scientific conception of society and its laws 
-far enough, too, for us to discern the rev- 
olution which the theory of evolution is to 
effect in many current notions respecting 
social phenomena. . . . 
":Mr. Spencer's theory of primitive ideas 
seems to us so much the most important 
element in the volume that we have dwelt 
on it at length, to the neglect of the other 
parts. Of what remains, only a very few words 
can be said. Aftcr completing his accùunt 
of the data of psychoJogy, the author passes 
to his Secçmd Part, which has for its theme 
, The Inductions of Sociology.' Under this 
head 
lr. Spencer discusses the nature of 
society as an organiRm, the ideas of social 
growth, social structures and functions, 
and the division of the social organism into 
three systems of organs, namely, the, sus- 
taining, the distributing, and the regulat- 
ing, answering to those of digestion, circu- 
htion, and nervous coürdination, in the in- 


dividual organism. The analogy b
tween a 
society and a bodily organism is worked out 
with remarkable ingenuity, according to the 
sketch given by the author in the popular 
introduction to sociology already alluded to. 
:.\Ir. Spenccr succeeds, we think, in estab- 
lishing the closeness of this similarity, and, 
what is more, in showing how it arises from 
the fundamental similarity of the processes 
of evolution underlJing individual and so- 
cial growth. Thus, for example, the curious 
analogy in the distributing systems of the 
two kinds of organism between the up and 
down lines of railway and the veins and 
arteries, is seen, on reflection, to be some- 
thing more than an accidental coincidence. 
At the same time, !th. Spencer appears to 
us to have become more clearly aware of 
the limits of "this analogy, and of the cir- 
cumstances which mark off social aggre- 
gates from single, liying organisms. 
"After thus determining the data and 
l
ading principles of sociology, )11'. Spencer 
proceeds, in his Third Part, to deal with 
social phenomena themselves - that is to 
say, the movements or proces
es which 
make up social development. He begins 
with the domestic relations, the account of 
which brings the volume to a close. 'Ve 
. have no space left to follow the author in 
his interesting review of the gradual devel- 
opment of monogamy out of the primitive 
relations of the sexes. His views on the 
nature of marriage without th"e tribe and 
marriage within the tribe (exogamy and 
endogamy), of polyandry, and polygamy, 
and of their relations of coexistence and 
sequence, rest in part on the researches a.nd 
conclusions of writers like 
Ir. :McLennan, 
while in some important particulars they 
deviate from this writer's theories. It 
strikes us that 
I r. Spencer he
e exhibits an 
increased power of seizing the many influ- 
ences which contribute to a complex result. 
The highl}"-intercsting character of this part, 
as of the whole volume, makes us look for- 
ward to the continuation of this work on 
'Sociology,' which, we strongly suspect, to 
judge by the little progress already made, 
is going to be much more voluminous than 
the works on ( Biology' and 'Psychology.' 
)Iay the author's health speedily allow 
him to carry forward his great cnter- 
pri
e ! " 
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PUBLICATIONS RECEIVED. 
The Poultry Yard and )Iarket: a Practical 
Treatise on Gnllinocultur
, uud Descriptiun uf 
a New Proce
s for hatclnng Eg
s and rait'ing 
Poultry. By Prof. A. Corbett. 
ew York: 01'- 
unge Judd & Co. 1817. Pr.96. Price, 50 cellt
. 
Shade-rrrees, Indigenous Shrubs, and Vincs. 
By J.T. Stt:wart, M. V. Aud Insects that infest 
them. By :Mi88 Emma A. Smith. Peoria: 
'l'ranscript Co. print. 1ti77. Pp. 55. . 
The People 'VB. Daniel Schrumpf; :Mi
de- 
meanor, Adulteration of Milk; Argument of 
W. P. Prentice, Coun8d to tbe Board of Healtb. 
for the Pros
cutiun. New York: J. F. Trow 
&, Son print. 1877. Pp. 3
. 
CoOrdinate Surveying. By Henry F. .WallinO' 
C. E. Published by the Am
ricall Sodety gi 
Civil Enginc(;rs. 1877. Pp. 19, Three Plat
8. 
Heliqioll and Science; The Psychological Ba- 
sis of Heligion cun8idered from the Standpoint 
of Phrenology. A Prize E
s3Y, New York: 
:::;. R. 'Veils & Co. 1877. Pp.35. Price, 20 cents. 
On 30me Derivatives of Diphenylamine. By 
Dr. P. Townsend Austen. Reprint from Am
r- 
ican Journal of Science and Arts. Pp.11. 
Second Annual Report of the Inspector and 
Assayer of Liquors to the Commonwealth of 
Massachusetts. By Prof. J. F. Babcock. Bos- 
ton: Albcrt J. Wright print. 1877. Pp.39. 
On the Elhcrs of Pric Acid 
 Contrihutions 
from th
 Lahorat.ory of Harvard College. By 
H. B. HIll. Reprmted from Am,erican Jow'nal 
of Science and Arts. Pp. 11. 
. Lubricntion. By Prof. R. II. Thurf'ton. Re- 
prmted from the Polytechnic Reriew. Pp. 4. 
Note on the Sensation of Color. By C. S. 
Pe.ïrce. Heprint from American Joumal of 
&ienæ and Arts. Pp.5. 
. Publications of the Cincinnati ObsC'rvator:r, 
Nos. 2, 3, Mitchel's 
[icrometrical :Measure- 
ments of Double Stars. Pp. 18 and 34. 
. Laboratory Note!" from the Univer
ity of Cin- 
cmnati. By F. "r. Clarl.e. Rcprint from .Amer- 
ican Journal (if Science and Arts. Pp.6. 
Ilislorv of th(' Di<>coverv of the Circulation 
of the Biood. By ,V. J. Conklin, 111. D. He- 
printerl from Ohio .J[edical and Surgical JoU1'- 
nal. Pp. 14. 
. On PUf'rpernl Septicæmill. By J. 'W. rnder- 
hIn, 
1. D. Cincinnati: Aldiue Printing-\Vorks. 
1877. 
Field and FOl'eRt,' a 
ronthly Jonrnal dcyotf'd 
to tlw Natural ::-,ciences. Editcd by Charles R. 
Dodgc. Yolo II., N08. 7,8,9, and 10. Price $1 
a year. 
The D('vC'lopment of the Animal I\:in!!dom; 
a Paper read at the Fourth l\IeefinO' of the AR- 
sociafioll fur tl1f' Advancement of '\Jomen. By 

ract'anI;a Lewi
. Nantucket: Hussey & Rol>- 
1118011 prIllt. 18i7. Pp.21. 
Monthly R('ports of the Kan8fl!" Stntf' Board 
of Agriculture for Febrnarv and l\Iarch, 18î7. 
By Alfred Oray, Secretary. Topeka. . 
Transactions of the 'Yiscon!õ:in Academy of 
Scienccs, Arf
. and Leffel's. Yo}, HI. 18.5-',6. 
Madison: E. B. Bolen print. PP. 21;9, 
Van No
tranò'R Scicnce SC'rieR. No. 2R
 
Tran!"mi!õ:Aion of Power hy ,nre RopC'
. Bv AI. 
bert 'V. Stahl. 1\1. E. Pp.12t. No. 29: Sienm 
Injectors. their Th('ory nnd Ut::e. By 1\1. Léon 
Pochct. Pp. 79. Ncw York. 18i7. Price, 50 
cent
 each. 
Strength nnd Cnkulation of DimC'm:ioni" of 
Iron atHI Steel Conf'trnction
. Bv J. J. "rev. 
ranch. Ph. D. Xe\\' York. ]R7i. 'Pp. 112, wiih 
Four Folding Plates. Price, $1. 
Lirwnr Pcrp,pf'cti\"('. Part T. By F. R. Honf'\.. 
New Haw'n. Conn,: ,Tllrlrl & While. 1877. Pp. 
35, Nine PJate
. }>rice, $1.
. 
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Report of the Roard of IIealth of the City and 
Port of Philadclphia tor the Y car 1875. Pl'. 331. 
Unitf'd 
tates Geog-raphical 8urv('ys weFt of 
the One lIundr
dth Merldiun. Appûndix JJ of 
the Annual u.eport of the Chief of En<rineers for 

8j6. By Lieut. Ot'org-e 
1. Wh('el
. Wß!'h- 
mgton: G.overnment Printing-Office. Pp. 3-13, 
nccompamed by I::;even 'l'opugraphical Atlus 
Sheets. 
Report of the Secretary of the Navy. 1!:ìî6. 
pp.3a6. 
Annual Report of the Chief SiO'nal Officer to 
the Secretary of 'Val', for 18i6. e>pp. 509, with 
llu
erous Weather ,Maps. 


POPULAR MISCELLANY. 


PrOI)Osed Stientifi
 Exprdition nroDEd 
tile ".OI'ld.-For some months Mr. James 
O. 'V oodruff, of Indianapolis, has been busi- 
ly engaged in organizing a "scientific ex- 
pedition around the world," the object of 
which is to visit points of general and spe- 
cial interest, to ,study architecture, archæol- 
ûgy, geolcgy, and the fauna and flora of 
new or little known localities, and to make 
collections and stu
ies in natural history 
generally. 
It is proposed to start from K ew York 
some time next fall, in a E-tea1l!ship of a 
thousand tons, officered by experienced men 
from our navy, and fitted with all the ap- 
pliances necessary for such an expedition. 
Ten scientific professors, selected from the 
faculties of our leading universities, arc to 
go along in the capacity of teal'her
, giving 
lectures and instruction in the various sub- 
jects of study. 
The i51and of "Marajo, at the mouth of 
the Amazon, Yalparaiw, some of the ]e5s 
known islands of the Central racific, Kew 
Guinea, Borneo, Ceylon, and .-\lexandria, 
are a few of the more promin<,nt points it 
is propo::ed to visit; the 
hip returning by 
the way of France and England. In]and 
excursions, for the purpo
es of exploration 
and the collection of Rpeciml'n
, will be a 
feature of the expedition. Ei
hty students 
can be aceommodated. The trip is expected 
to COIl
ume two year
, and will cost each 
!"tudent, according to published eE-timates, 
ahout $5,000. 


I'rnit-Fnrmin
 in Enl!lnnd.-The home- 
supply of fruit in England bcin:r very in- 
allequate to the demand, foreign fruit bas to 
be imported in enormous quantity. lIence 
the price of fruit i
 very high, and the great 
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mass of the population llave to deny them- 
selves this wholesome form of nutriment. 
The London 
ociety of Arts has under- 
taken the investigation of the question of 
fruit-growing, and is laboring to awaken a 
popular interest in the matter. In this 
country fruit is cheap and abundant, yet 
many of the su
gestions made on the other 
siòe of the Atlantic would not be out of 
place even here. In one of the papers read 
before the Society of .Arts, it is stated that 
only 40,000 acres of land are set apart in 
England for market-gardens. Cousiùering 
what enormOU;j crops of fruit are obtained 
from this inconsiderable acreage, how shall 
we estimate the product of waste lands 
were they to be c
ltivated? The market- 
gardens, as we have seen, cover less than GO 
square mile:-;; but the railway embankments 
represent about 200 square miles of hnd, 
one-thÌl'd of which, at least, could be used 
for the cultivation of fruit. The little plots 
of ground attached to cottages in the country 
and in villages and suburban district" might 
also be utilized for fruit-growing. Road- 
sides in the country might abo be cultivated 
profitably. The prospect of success in this 
effort at en1arging the area of fruit-culture 
in England i
 not very encouraging, owing 
to the unthriftiness of the people. In this 
respect they compal'e very unfavorably with 
their neighbors, the French. 


Frequency of (j(ìlor-ßlindne
s.-There is 
some l'ea50n for believing that writers on 
" color-blindness" have in many instances 
exaggerated with regard to the frequency 
of its occurrence. Thus it has been stated 
as a fact that no less than ten peI' cent. of 
the railroad engine-dl'ivers in Sweden are" 
unable to announce properly the color of 
the signal-lamps, owing to color-blindness. 

Ir. Herbert 'V. Page, sUl'geon to the Lon- 
don and

orthwesternRaih, ay, is of the opin- 
ion that, sp far from being common, this af- 
fection is extremely rare. He cites the tes- 
timony of three railway examining surgeons 
in support of his views. One of these, who 
in the course of twenty
five years had exam- 
ined many hundreds of men, writes that 
color-blindness" is of excessive rarity; '! an- 
other" has not found it common; " while a 
third, a surgeon of long experiencp, writes 
that he has met with" only three cases of 


well-marked color-blindness" among many 
hundreds examined by him. In 800 men 
examined by Mr., Page himself, not one ill- 
stance of true color-blindne
s was founù. 
Similar testimony i
 given by Dr. :Macaldin, 
of the 
idland Uailway. 
How, then, are 'we to account for the 
positive statements of other writers who 
a:-;sert the extreme frequency of this affec- 
tion? In very many cases ignorance of 
the names of colors is, doubtle:::;s, mistaken 
for inability to distinguish between colors 
themselves. Then, many persons are hesi. 
tating and slow in their recognition of cúl- 
or
. " Green may be spoken of as blue by 
one, red as green by another, and the naale 
persisted in till the man be asked to com- 
pare the one before him with some familiar 
color, as the grass or sky, when his mis- 
take will be recognized at once. I cannot 
help thinking," adds Mr. Page, "that such 
cases as these have often been mistaken as 
instances of color-blindness. It certainly 
is within my own experience, that erlOl'S of 
this kind may creep in unawares unless time 
and care be !Jiven to tlte examination of tlLOse 
wlw are i!Jnorant, stupid, or nerVOllS." 


l\liU'sli-Fevers.-A substantial addition 
to our knowledge of the true nature of pa- 
ludic fevers appears to have been made by 
)Iessrs. Lanzi and Terrigi, of Rome. Lanzi 
has found ill the cells of microscopic algæ 
from the Roman marshes certain dark-green 
granules, which are most numerous when 
the plants are farthest gone in decomposi- 
tion. At length these granulcs fill the cells, 
ar.e black under tlle microscope, and the 
algæ emit an offensive odor. In the Cam- 
pagna marshes are formed in winter, which 
in spring develop algæ abundantly. In 
summer the water di:::.appears, and the aJgæ 
then putrefy, the ground aftcnval'd growing 
phauerogamous plants. Toward the faU of 
the Jear the algæ in the parts still covered 
with water also die, and the slime at the 
bottom of the marshes contains quantities 
of the dark granules. The latter may also 
arisc from other plants in the state of decay, 
e
'en where there are no marshes. Lanzi 
regards these granules as a sort of ferments. 
Now, the pigment-granules found in the liv- 
er anù s
lccn of individuals suffcring fl'om 
malaria have quite similar properties to 
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those ferment-granules, and they. can be 
developeù quite similarly. M. Terrigi bas 
specially ècvoted himself to the means of 
disinfection, which may prevent the decaying 
process and development of the gnmules; 
he found chloride of lime, lime) and chlo- 
ral, the most efficacious. "ïth aspirators 
anù air-filtering apparatus he ascertained 
that the germs rose to a height of fiftyeen- 
timetres (about twenty inches) above the 
mal'sh-bottom, where they could easily be 
carried away by the winds. M. Terrigi 
found the "malaria-melanin" (as they call 
it) abundant in the liver and spleen of 
Guinea-pigs that had breathed the marsh- 
air for some time. 


IIow the (binese go a-Fisbing.-'Gnder 
tbe title h J'ishing Extraordinary" a writer 
in Chambers's Journal desCribes val'Ïous 
singular devices used in different countries 
for catching fish. Some portions of the 
narrative are calculated to put a strain upon 
the credulity of the reader, as, for instan('e, 
when we are informed that" the lakes and 
rivers of China, and especially of the nOlth, 
are so abundantly stocked with fish, that in 
some places the men called fish-catchers 
make their living by actual1y seizing and 
drawing them out with their hands." If 
any of our readers should happen to dweU 
in the vicinity of such fish-abounding 
streams, they will be pleased to learn how 
these fish-catchers set about theil' work. 
Here is the modus operandi: The man goes 
into the water, and proceeds, half ",aBi ing, 
half swimming, raising his arms above his 
head and letting them drop, striking the 
surface with his hands. Meanwhile his feet 
arc moving on the muddy bottom. Pres- 
ently he stoops with a rapid dive and brings 
up a fi
h in his hand. His object in striking 
the surface is to fl'ighten the fish, which, 
when alarmed, sink to the bottom; then 
the naked feet feel them in the mud, and, 
once felt, the practised hand sccures them 
ill a moment. . 
Another Chinese method of fi
hing de- 
scribed by tbi
 writer is very ingenious. It 
is usual1y practised at night, and depends 
upon a peculiar power which a white screen, 
stretched under the water, seems to po::-:sess 
over the fi5hes, decoying them to it find 
making them leap. .A man sitting in the 
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stern of a long, narrow boat, steers her with 
a paddle to the middle of a river, and there 
stops. Along the right-hand side of his 
boat a narrow sheet of white canvas is 
stretched; when he leans to that side it dips 
unùer the surface, and, if it be a moonHght 
night, gleams through thç water. Along 
the other side of the boat a net is fastened, 
so as to form a barrier two or three fept 
high
 The boatman keeping perfectly still, 
the fish, attracted by the white canvas, ap- 
proach and leap, anù would go over the nar- 
row boat and be free in their native waters 
on the other side, but for the scre('n of net- 
ing, which stops them and tblOwS them 
down before the man's feet. 


The [se of Auti-Ferment!".- To prevent 
fermentation, a wine-growcr in K ew Jersey 
added to a twelve-gallon keg of TIew wine 
about one gramme (15t grains) of salicylic 
acid, or a very little more than the minimum 
quantity as given by Neubauer. Soon the 
wine lost its natural flavor, and acquired a 
flavor something like that of camphor. A 
sample of this altered wine having beEn sub- 
mitted to Dr. Endemann for examination, he 
at once referred the new flavor to the pres- 
ence of salicylic ether. In a communication 
to the American Chemical Society, Dr. Ende- 
æann writes: "The formation of this etlJer 
may be understood if we regard the cit.- 
cumstanc('s: The wine was only one year 
old, and could not be considered ripe 
and ready for sale, and should therefore 
have received not the minimum quantity 
but rather more salicylic acid, to entirely 
prevent after-fermentation. The quantity, 
therefore, being insufficient, salicylic acid 
came in contact" ith alcobcl in statu nflS- 
cendi, which caused this abnormal action. 
\Yine-growers are naturally very suspicious 
of chemicals, and are therefore ver)' apt to 
make the same mistake-that is, they prefer 
to use the minimum quantity; and I should 
not be surprisEd if similar experiences had 
followed the application of this substance 
in other places." 


])etrrminatioll of Copper.-:Mr. J. )1. :Mer- 
rick, of Bo
ton, proposes a new method of 
determining vcry small quantities of copper, 
It is intendpd a
 a 8uppl('ment to Bergeron 
and I'IIûte's colorimetric test, which fails to 
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research pursued by Prof. Marsh, and was 
followed by 
Ir. IIulke, himself a" paleon- 
tologist, who heartily approved all that had 
been said by the president with respect 
to the value of Pl"Of. Marsh's services to 
paleontology. "These," he said, "are so nu- 
merous and important as to mark an epoch 
in this line of research. The p
esent rec- 
ognition of the value of his labors will 
doubtless prove an incentive to fresh work." 


indicate a quantity of copper less than 0.5 
milligramme. Mr. Merrick's method con- 
sist8 f'imply in concentrating to a very small 
bulk the solution suspected to contain cop- 
per, and thèn depositing the copper, if pres- 
ent, upon platinum, by the battery. He uses 
for a depositing-cell a very small test-tube, 
on a foot cut off, so as to give a vessel about 
one and a hàlf inch deep. Into this is intro- 
duced the solution acidified with sulphuric 
acid, and a platinum anode and cathode- 
each about an inch long and one-eighth inch \fbat Is .3loderate Drinking 1-The ad- 
or less wide-are hung face to face, and vocates of total abstinence from intoxi- 
very close together; and, the circuit being cating liquors are wont to condemn even 
completed, very satisfactory deposits of a moderate use of stimulating drinks, on 
copper are obtained with incredibly minute the ground that" moderate drinking is the 
quantities of the metal. The amounts are parent of excessive drinking." The Lancet 
determined by the increased weight of the questions the correctness of this proposi- 
cathode (which is provided with a platinum tion, but in its negative definition of what 
wire soldered on with gold, by which it can is meant by " moderate" drinking the yota- 
be hooked to a balance) and on the loss of ries of Bacchus will find very little comfort. 
weight of the same after washing with ni- " The man," sar s the Lancet, "who begins 
tric acid. The platinum is polished and the day with a ' soda-and-brandy,' has very 
heated red-hot before the first weighing, little respect for his constitution, and if be 

nd the
 gently heated b
fore hanging in I does not alter his habits, they will alter his 
.,he solutiOn. The contrast l1l color between health. Odd glasses of beer and glasses of 
deposited copper and bright platinum is, of spirit in a forenoon do not come within tbe 
course, striking and characteristic. In this range of moderate drinking. That is not 
way, 0.1 milligramme of copper may be, moderate drinking which adds fifteen or 
the author thinks, safely determined; while -twenty beats to the pulse, or which flushes 
for mere qualitative analysis this method the face. Finally, all casual drinking is bad, 
may be employed where the amoun
 is even presumably, and not moderate drinking. 
smaller. The system will not receive food merely as 
a matter of conviviality, at all sorts of odd 
hours. Still less will it receive with impu- 
nity drink in this way. Drinking which 
disturbs sleep, either by making it heavy 
or by driving it away, is not moderate. 
Moderate drinking is that which consists 
with a clean tongue, a good appetite, a slow 
pulse, a cool skin, a clear head, a steady 
hand, good walking-power, and light, re- 
freshing sleep. It is associated with meals, 
and is entirely subordinated to more con- 
venient and less objectionable forms of food. 
That "Such drinking produceR drunkenness, 
has yet to be proved, as it has yet to be 
proved to be essential to health." 


A nard of tbe Bigsby lUrdal to Prof. o. 
t. r.Inrsh.-Prof. P. )Iartin DuncJ.n, Presi- 
dent of the Geological Society of London, 
in announcing the award of the Bigsby 
Medal to pJ'Of. O. C. Marsh for his services 
in investigating the paleontology of the" 
Vertebrata, paid a high but well-merited 
compliment to the learned Yale professor. 
Said Prof. Duncan: "He has distinguished 
himself by studying tbe fo
sil remains of 
nearly every great group of the vertebrata 
from the palæozoic, cretacpous, and caino- 
zoic strata of the New ,V" odd. The field 
of his research has been immense, but 
it has been vf'ry correct; and his descrip- 
tive and classificatory paleontological work 
indicates his effective grasp of anatomical 
details, and his great power as a compara- 
tive osteologist." Prof. Duncan then enu- 
memted in some details the chief lines of 


Retention of Impressiolls by tht' Retina. 
-Does the retina retain in death the image 
Jast impre
sed upon it? That guch is the 
case has been asserted, but hitherto thc 
evidence has not ùeen satisfactory, to say 
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the least. But recent experiments made by 
Prof. Külme, of Heidell>erg, appear to show 
that the image does remain. He took a 
rabbit and fixed its head and one of its eye- 
balls at a distance of about five feet from a 
small opening in a window-shutter. The 
head was covm'ed for five minutes with a 
black cloth and then exposed for three min- 
utes to a somewhat clouded mid-day sky. 
The rabbit was then instantly decapitated; 
the eyeball which bad been exposed was 
extirpated in yellow light, then opened 
and instantly plunged into a weak solution 
of alum. Two minutes after death the sec- 
ond eyeball, without removal from the head, 
was sul>jeeted to exactly the same processes. 
On the following morning the retinæ of both 
eyes were carefully isolated, separated from 
the optic nerve, and turned. They exhih- 
ited a nearly square, sharp image, with 
sharply-defined edges. 


Extirpation of ODr Larger nIammals.- 
In a paper on the extirpation of our larger 
indigenous mammals, published in the Penn 
lIIoniltl!/, "Mr. J. 
\.. .Allen remarks that the 
la
ger, the less sagacious, or the otherwise 
mOre easily-captured species, have always 
been the first to be destroyed. The walrus, 
being hunted for its ivory and its oil, soon be- 
came extinct in the Gulf of St. Lawrence; 
the bison wholly disappeared east of the 
1is- 
sissippi (south of 'Yisconsin) prior to the 
year 1800; the moose and the caribou were 
early pressed back into the remoter north- 
er!! forests; and the elk everywhere quickly 
disappeared before the advancing settle- 
ments. Formerly abundant from the Great 
Lakes nearly to the Gnlf coast, its Bole sur- 
vivors east of the :Mississippi for the laEt 
few decades bave been confined to the least 
frequented parts of the Allegbanies, where 
few, if any, stm"survive. Thirty years ago 
it was abundant over nearly all of the prai- 
ries, plains, and mountain valleys of the 
Great "rest, where it is now confined within 
comparatively narrow boundaries, and its 
present rapid rate of decrease portends its 
sp<,edy total extirpation south of the fort}'- 
ninth parallel. The Vir
inia deer, once a 
common denizen of the whole eastern half 
of the "Cnited States, now scarcely exi
t
 in 
New England south of the forests of 
raine 
and K orthern .K ew Hampshire, or in X ew 
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York south or west of the great Adiron- 
dack 'Vilderness, or anywhere in the Middle 
States away from the mountains. It bas 
also disappeared from a large part of the 
Atlantic coast-region farther southward, 
and from the greater part of the area be- 
tween the Great Lakes and the Tennessee 
river. The bear, the panther, the gray wolf, 
and the l)'nx, have become similarly re- 
stricted. The fisher, the marten, and the 
Canada porcupine, former inhabitants of 
the northern parts of the northern tier of 
States, as well as of the Appalachian high- 
lands to or beyond Virginia, have only here 
and there a few lingering representatives 
in the least frequented parts of the moun- 
tains, and are much more rare than formerly 
in the forests of Northern New England and 
the great unsettled region north of the St. 
Lawrence. The 8ame is true of the beaver, 
except that it had a much more extended 
range to the southward, being a former in- 
habitant of N ort11ern Florida and the mid- 
dle and northern portions of the Gulf StateF:, 
and of aU the intervening region thence 
northward. 


PsytJaic Phenomena.-Mr. Sergeant Cox, 
in a letter to the London Specialm., made 
the assertion that no one who had inves- 
tigated "psychic phenomena" ever had 
"come to any other conclusion than that 
they were real." To this Moncure D. Con- 
way replies as follows: 
" I beg to inform thnt gentleman that I 
have for more than twenty years, both in the 
United States and in England, and in the pres- 
ence of well-known mediums as well as pri- 
vate circles, diligently investigated the sub- 
ject, and I have never seen any phenomena at 
all worthy of notice, except such as indicate 
the audacity of some persons and the weak- 
ness of others." 


Extending t1Je IUeat-Stlpp1y.-One of the 
most enthusiastic hippopha
ists of Paris, 
)f. Decroix, not content with advocating 
the use of horse-flesh for fcod, now wou]d 
have people eat the flesh of diseased ani- 
mals. He has made it a practice to cat 
the flesh of horses idlled in his service, 
which had glanders or farcy, and, wheth- 
er thoroughly or partially cooked, he found 
no evil results to his health. Further, 
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cvcr since 1861 he has eaten the flesh 
of all animals that haye died witbin his 
reach, no matter from wbat disease. He 
affirms that one may eat with impunity the 
flesh, cooked (not putrid), of any of the 
domesticated animals, no matter what they 
died of-glanders, typhus, hydrophobia, 
etc. So far from tbe flesh of animals which 
have died naturalIy having a repugnant ap- 
pearance or a peculiar flavor, he states that 
he has placed the two kinds side by side in 
the same pan and with the same sauce, and, 
in serving to different persons, many of them 
connoisseurs, tbe meat of animals that have 
died a natural death has invariably been 
pronounced superior to that from tbe slaugh- 
ter-house ! 


New Test of Death.-The importance of 
having some readily-applied and indisputa- 
ble test of the fact of death is apparent, 
and Illany are the processes that have been 
offered to determine it, N everthcless, such 
a test appears to be still a desideratum- 
unless, indeed, we accept that. offered by 
Kappeler. In the course of his researches 
on the electrical stimulation of dead mus- 
cles, Kappeler subjected twenty corpses to 
the action of various electric currents, not- 
ing the times of disappearance of contrac- 
tility. In persons emaciated by cl:ronic 
maladies, it di
appeared much TnOl'e rap- 
idly than in well-nourished individuals, or 
those who had had acute disca
e. It dis- 
appeared seventy-five minutes after death 
at the quickest, and six and a half hours 
at the slowest. In cases where a ri
e of 
temperature is observed after death electric 
contractility persists longest. So long 3:s 
there remains the least flicker of life the 
contractions continue intact. In the mOf;t 
prolonged faints, in the deepest lethargies, 
in poi:5oning by carbonic oxide, chloroform, 
etc., there is contraction so long as life 
lasts. But if the muscles make no re
ponse 
to the electrical. stimulation, Kappelrr pro- 
nounces life to be extinct. 


'.orafi{y of th
 Tront.-..\ correspond- 
ent writing from Au Sable Forks, K ew York, 
communicates to THE MOXTHLY the fòllow- 
ing very remarkablc instance of voracity in 
a trout: \Yhile he and another gentleman 
were fishing in a s.tream near the place of 


his residence, they came to a "long still 
hole>,' into which his companion dropped a 
hook and line, and immediately after pulled 
up a tl'Out measuring about nine inches. 
The trout had swallowed the hook, and, in 
trying to extricate it, the fish's mouth, 
throat, and stomach, were found to be 
almost filled with a snake. They pulled. 
the animal out and threw it on the bank; 
it had evidently been recently killed. ""... e 
did not measure. the snake," writes our cor- 
respondent, "but each of us estimated its 
length at fourteen inches. 'Ve took," he 
adds, " about a dozen more trout from the 
same hole, which seemed to show that this 
enormous meal had not made the trout in 
the least sluggish, or dulled tbe edge of his 
appetite; for if it had, some of the smaller 
fish would have taken the bait before him," 


Deaths from Inhalaticn of fhloroform.- 
In communicating to the Cincinnati .Acade- 
my of Medicine a list of deaths by chloro- 
form occurring in that eity and its vicinity, 
Dr. Charles .A\nderson recognizes a" strange 
fatality" attending tte use of the drug in 
Cincinnati. No other city in the united 
States numbers so many deaths from this 
cause; yet, perhaps, if all the chloroform 
casualties of other cities had been duly re- 
corded, Cincinnati would no longer hold 
this bad preëminence. The author calls at- 
tention to a singular anomaly observed in 
the action of this anæsthetie, viz., that 
m:uiy of those who have died from chloro- 
form have taken it repeatedly, and often for 
a considerable time, without any unpleasant 
symptoms, whereas an attempt to gh"e it a 
short time afterward has proved fatal. Thus 
one patient, who bad taken it frequently 
during ten years, died from forty drops; 
another had taken it à hunrlred times, and 
had once been under its influence fer fi,"e 
hours; the last dose, which was fatal, con- 
sisted of an inhalation or two from a chlo- 
roformed handkerchief. After citing other 
similar instances, Dr. Anderson, whoRe com- 
munication we find in tbe Clinic, express- 
es the opinion that in these ca!'=es there 
exists a sort of floating idio:;;yncrasy-one 
that may have hold of a man for an hour or 
an instant. u It may be on him to-day," adds 
thc author, U and off to-morrow ; but if, while 
under its influence, he illha1e the vapor of 
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chloroform, he is almost sure to die. I 
was on the point of saying, if he inhale the 
sli!Jlttest quantity of the vapor of chloroform, 
it wi1l prove fatal. I am almost cunvinced 
that that would not be putting it too forci- 
bly.' ""hen you consider the remarkably 
small quantity given in all the cases, I 
think you will be inclined to say that there 
is something in thc theory." . 


NOTES. 


DR. ELLIOTT COUES, U. S. Army, the distin- 
guished naturalist of the Hayden Surveys, 
and one of the most eminent ornithologi:5ts 
in the country, has just been elected Pro- 
fessor of Anatomy in the National Medical 
College in \\1 ashington. He entered upon 
its duties in ApriJ, and .cho
e for the sub- 
ject of his inaugural lecture, " Anatomical 
Science in its Bearings on the Ul'igin of 
Species and )lan'8 Place in N aturc." He 
took strong grúunds for the truth of evolu- 
tion, and claimed the right to seek and state 
" the truth of N
ture as existing in matter, 
with no heed to possil>le results, and with- 
out regard to the dictation of dogma, the 
scnsibilities of prejudice, or tbc fears of 
ignorancc." 
TIll<: Summer School of Science, inaugu- 
rated last ycar at Bowdoin College, is to be 
continucd . this season, the term to com- 
mence July 16th and last six weeks. The 
studies this year wi1l be cllemi
try, miner- 
alogy, and zoölogy, practical instruction to 
be given in each, books being employed 
solely for purposes of reference. The fee 
for a full coursc, consisting of any two 
studies, is $20; for a single study, $12. 
Neither entrance examination nor recîta- 
tions will be required. 
J. 
COTT nOWERBA
K, well known for 
his studies of the lower forms of marine 
life, espf'cially the sponges, died fit Hastings 
(England) on the 9th of :March, in his 
eightieth year. 
A
 obscrved. increase of temperature at 
the Gn>enwich Observatory during r<,cent 
years is attributed, hy Mr. H. S. Eaton, 
Presiùent of the Lonùon )feteorologi
al So- 
ciety, to the heat imparted to the air by the 
city of London. lIe estimates that the heat 
devclopNl from the pr<,
ent annu:ll con- 
sumption of 5,0 0 0,000 ton
 of coal, on the 
118 sqnare miles cov<,red by the dt.v, and 
from all other 3rtificial sources, would suf- 
fice to rai:-:e the temperature of a stratum 
of air 100 feet in depth, re::.tin
 on that 
area, 2.:>0 eycry honr. On account of this 
influence, he considers the lo('ation a had 
one for a fir5t-cla
s observatory. 
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JOHAXN C. POGGE
DORFF, for upward of 
fifty years editor of the Annalen cIn. Plq/sik 
und Clwrnie, died in Berlin, January 24th, 
aged eighty years. His scientific studies were 
mostly concerned with the phellomella of 
electricity and magnetism. In 1834 he was 
appointed Professor Extraordinary of Phys- 
ics in the University of Berlin, which po- 
sition be held till his death. His contri- 
butions to science are chiefly to be found 
in the " Transactions" of the Berlin Royal 
Academy of Sciences. 
,V E learn from the IJIilu'aukce Sinfind 
that the theologians of that locality have 
arranged a concerted a
sault upon the con- 
clusions of the biologi
ts, and that paper 
remarks concerning it, that" the systematic 
attack arranged by the orthodox preachers 
of this city on the modern scientific theory 
of life indicates alarm, and is the first cvi- 
dence that the evolution theory has met, or 
is likely to meet, with popular favor." It 
admonishes them to beware lest they create 
an interest in the subject, and set people to 
reading and thinking about it, who, if let 
alone, would probably pay little attention 
to it. The chances are that thcse gentle- 
men, who have combined to fight biological 
doctrines from their pulpits, will be the 
loudest to prot('st that there IS no possible 
conflict between religion and science. 
ACCORDIKG to an obituary notice in the 
Bulldin, of Baltimore, the late Ross ". inans 
"as the first to prove the feasil,ility of using 
anthracite coal a
 fuel on locomotivc-en- 
gineE1. H<' was a
Eo the inventor of the 
eight-wheel railroad-car. 
:MR. JOHN Y. CCLYER, in a recent paper 
read at a meeting of the ASFociation of 
School Commissioners and City Superin- 
tendents held in Albany, advocates the 
study of industrial and illventive drawing 
in our public schools, on the ground that, 
as a large majority of the pupils in these 
schools are destined for industrial occupa- 
tions, their studies 
hould be adapted to im- 
provement in tllis direction. "l?"pon what," 
he asks, "does a man's advancement as a 
workman depend? (""pon three things: his 
readiness in reading the designs of others, 
his E:kill with his tool8 ill fashioning the 
d(\signs of others, and his 
kill with his 
tools in faf'hioning designs of his myn. His 
createst advancement ('omes when hc is 

l>le to do the latter." 


A cmnnTTEE of th(' Ohio College Asso- 
ciation has reported in fa,.or of a 
tate 
Board of Examiners, ",hose duty it f:hall be 
to examine all éundidat(,8 for collep:e degrees 
and have the cxc1usive power of grantin
 
thc Fame. This is an important step, and 
nowhere i8 sueh a 8V8t('111 morc needed than 
in connection with òur medical 
éhools. 
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THE Scientific Farme'J" states that a fac- 
tory-the first in this country-for making 
sugar fl'Olll corn is now in operation at 
Davenport, Iowa. The product is known as 
g.-ape or starch sugar, or glucose, and dif- 
fers from common or cane sugar in contain- 
ing more oxygen and hydrogen, and in being 
le::!s sweet and less crystallizable. It is COll- 
sumed in lal'
e quantities by confectioners, 
who have hitherto been supplied mainly 
from France and Gèrmany, where it is mall- 
ufactured from potatoes. 
THE low-lying coast country of the ..Afri- 
can Continent beal's an evil reputation tor 
unhealthiness, and. this reputation is, no 
doubt, in part well deserved. llut the hab- 
its of the European residents and traders 
are to blame for no small portion of the ex- 
cessive mortality. There is a great deal of 
truth and good sense in the observation of 
a recent tmveler, that even in the deadly 
atmosphere of the western coast the chances 
of ill health might be material1y reduced, if 
Europeans would make only a judicious use 
of 'stimulants, eat good, well-cooked food, 
aV3id undue expo::!ure to the weather, and 
shun idleness. 


DR. ED" ARD RAE, a veteran arctic ex- 
plorer, complains that the pem
ican pre- 
pared for the sled-parties of the British 
Polar Expedition was salted, and tbat their 
stores included salt bacon; while the stock 
of preserved potatoes was insufficient, and 
condensed milk, an exceUent antiscorbutic, 
was not even thought of. The experience 
of this expedition goes to show that alcohol 
furnishes no protection against the <:ffects 
of excessive cold, but, on the contrary, in- 
creases the liability to frost-bite. 


FRo
r interesting statistics concerning 
suicide in London and New York, given in 
a late number of the Lancet, we learn that 
self-murder is more frequent in winter than 
in sum'mer; that, in proportion to popula- 
tion, nearly twice as many kill them::::elves 
in N ew York as in L()ndon, the exce::;s being 
mainly due to the large number of' suicide
 
among the Germans; and that drowning, 
hanging, and cut-throat, al'e the favorite 
methoùs of taking off in Lonùon, while 
poison and the pistol are preferred in New 
York. 


TIlE Fish Commissioners of Pennsvlva- 
nia state in theil' report that the Sus-que- 
h'1nna River, from its mouth to the head. 
waters of both the .J uniatas, is now full of 
blark bas
. The same mav be said of both 
the 'V c
t and X ol'th Branèhes for consider- 
able dist:mces above their confluences. . The 
Delaware, too, along the entire Btate bor- 
der, is eqnally supplied, while several of 
its Pennsylvania bmnches arc filJing by de- 
grees, 


THE Commission appointed to inquire 
into the workings of the English 
Ieteoro- 
logical Departm
nt have recommended an 
increase of nearly one-third in the allnual 
grant for meteorological purposes, and the 
appointment of a )leteorological Council, to 
admini
ter the grant in place of the com- 
mittee of the ROJal Society that has hereto- 
fore had it in chat'ge. 
THE common article beeswax, according 
to the .Ame,'ican Journal of PIta'J"macy, is 
frequently much adulterated; paraffine, res- 
in, stearine, Japan wax, or mixtures of two 
or more of these, being the substances mm- 
a])y emplo)'ed. 
ACCORDING to the" Seventh Annual Re- 
port of the Fish Commissioners of New 
Jersey," the yie1<l of fish from the waters of 
the State wa
 last year much below the aver- 
, age of previous years. This was notably 
the case with shad-fishing in the Delaware. 
One of the causes given for this decrease is 
the introduction of black bass into the river, 
where they have multiplied immensel)", and 
are bplieved to devour large numbers of the 
young shad. 
DR. C. 'V. SIElIEXS, President of the 
Iron and Steel Institute of Great Britain, in 
his recent inaugural address, strongly urged 
the necessity for a nJOre extended system 
of technical education, as the only true 
basis for national prosperity in tLe indus- 
trial art
. The nations of the Continent of 
Europe, he declared, were ahead of Eng- 
land in thi:; respect; what little the latter 
had done having been more a measure of 
seU:'defense made necessary by the increas- 
ing competition from abroad, rather than 
the growth of an en1ightened public polic)'-, 
of which the country stand::;. gl'eatly ill need, 
A'S interesting discovery of animal re- 
mains was recently made in a cave near 
Santander, in No.thern Spain. The dis- 
coverers, :Me::::srs. O'Rei11y and Su1livan, de- 
scribe the caVC1'n as an enlarged joint or 
rock-fissure, into which the entile carcasses, 
or else the living animal
, had been pre- 
cipitated. Prof. A. Leith Adams has identi- 
fied among these remains numerous portions, 
including teeth, of Elcplws p1'Ùnigellius, 
which i
 important as fUJ'nh;lting the first 
instance of the occurrence of that animal 
in Spain. 
IF the rr.irror of a laryngoscope be 
moi
tened with glycerine, the water-vapor 
in the air expired by the subject under ex- 
amination wiH not dim it5 surface, being 
rlh:solved in the glycerine. The TolyllClmic 
Review points out the benefit to be derived 
from a 
imi1ar application of gl".cerine to 
the lenses of astronomical telescopes, by 
prpventing the formation on them of ùew, 
which often disturbs observations. 
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BALFOUR STEW ART 



T lIE 


'POPULAR SOIENOE 
MONTHL Y. 


JULY, 1877. 


O:N THE EVOLUTION OF TIlE FAMILY. 


ßy HERBERT SPENCER. 


II. 
A ND here we come in face of the fact before obliquely glanced at, 
that Sir I-Icnry 
Iaine's hypothesis takes account of no stages 
in human progress earlier than the pastoral or agricultural. The 
groups he describes as severally formed of the patriarch, his ,vife, 
descendants, slaves, flocks, and herds, are groups implying tbat 
anin1als of several kinds bave been domesticated. But before the 
domestication of animals ,vas achieved, there passed long s.tages 
stretching back through prehistoric times. To understand the patri- 
archal group, .we lllUst inquire how it gre\v out of the less-organized 
groups that preceded it. 
The answer is not difficult to find if ,ve af;k wbat kind of life the 
domestication of herbivorous animals entailed. 'Vhere pa
ture is 
abundant and covers large areas, the keeping of flocks and herds does 
not necessitate separation into very snlall clusters: instance the Co- 
manches, who: with their hunting, join the keeping of cattle, ,vhich 
the members of the tribe combine to guard. But where pasture is 
not abundant,- or is distributed in patches, cattle cannot be kept to- 
gether in great numbers; and their owners consequently]ulve to part. 
Naturally, the division of the owners will be into such ('lusters as are 
already vaguely markel1 off in the original aggregate: individual men 
. with such women as they have taken possession of, such animals as 
they have acquired by force or otherwise, and all their other belong- 
ings, 'will wanùer hither and thit her in search of food for their sheep 
and oxen. As already pointed out, ,re ha,-e, in prcpastoral stages, 
as among the Busl)mcn, cases where scar
ity of wild food necessitates 
parting into very small groups; and clearly when, instead of game 
VOL. XI.-17 
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and yermin to be caught, cattle have to be fed, the distribution of 
pasturage, here in larger, there in 8nlal1er oases, win deternline the 
numbers of anÏInals, and consequently of human beings, 'which can 
keep together. In the sel)aration of Abraham and Lot .we have a tra- 
ditional illustration. 
Thus recognizing tbe natural origin of the wandering family 
group, let us ask wllat are Jikely to become its traits. We have seen 
that the regulating system of a society is evolved in the course of 
conflicts with environiug societies. Bet\veen pastoral hordes which 
haye becollle separate, and in course of time alien, there must ari
e, 
as between other groups, antagonisms: caused sometimes by appro- 
priation of strayed cattle, sometimes by encroachments upon grazing 
areas monopolized. But now mark a difference. In a tribe of archaic 
type, such ascendency as war from time to time gives to a man who 
is superior in strength, "rill, or cunning, commonly fails to become a 
pernlanent headship, since ]Üs power is regarded with jealousy by 
men \vho are in other respects his equals. It is otherwise in the 
pastoral horde. The tendency ,vhich war bet,veen groul)s has to 
evolve a he
d in each group, here finds a min1ber prepared for the 
place. Already there is the father, who at the outset was, Ly right 
of the strong hand, leaùer, owner, master, of wife, clÜldren, and an he 
carried with hin1. In the preceding stage his actions \v('re to some 
extent under check by other men of the tribe; now they are not. 
His song could early become hunters and carryon their lives inde- 
pendently; now they cannot. 
Note a second differeDce. Separation from otller men brings into 
greater clearness the f
ct that the children are not only the wife's 
children, but his children; and further, since among its neighbors Ilis 
group is naturally distinguished by his name, the children spoken of 
as nlem bel's of his group are otherwise spoken of as his children. The 
establishment of male descent is thus facilitated. Simultaneously 
there is apt to conle ackno\vledged supremacy of the eldest son: tbe 
first to give efficient aid to the father, the first to reach manhood, the 
first likely to marry and bave children, he is usually the one on wl10m 
the powers of the father devolve as he declines ana dies. Thus the 
a,"'erage tendency through successive generations will bp for the elde.st 
male to become head of the increasing group, alike as fan1Ïly ruler 
and political rt
ler-the patriarch. 
At the same time industrial coöperation is fostered. Savages of 
the lowest type
 get roots and berries, shell
fisl), vermin, small ani- 
m:tl
, ('tc., without joint a{'tion. Among those who, having reached 
the a<lvancf'd hunting' stage, capture large animals, a con
iderable 
{'otnbination is implied, though of an irregular kind. But on rising 
to the 
tage in w]lÏch flocks nnd heròs have to be daily pastured and 
guarde<l, and tIlf'ir products .daily uti1izCtl, con1hined action8 of many 
kinòs are necessitated; nnd ul1Jer tl}e patriarclwl rule the
e become 
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regularizl\Ll by apportionment of duties. Thi
 coürdinatiun of func- 
tiOll:-;, an\.l consequent lllutual dependence of parts, conduce to con- 
solillation of the gronp as an organic ,,,hole. Gradually it Lecollles 
ÏInpracticable for any nleluber to carry 011 ]1Ís life. Ly hinlselt
 de- 
prived not only of the fanlÏly aid and protection, but of the foou and 
cluthing yielded Ly the dOlucsticatcd anilnals. So that the industrial 
arrangements conspire .with the goyernnIental arrangeIl1ents to pro- 
duce a ,vell-compacted aggregate, internally coberent and externally 
marked off definitely froIlI otber aggregates. 
This process is furthered by disappearance of the less developed. 
Other things equal, tho
e groups which are most subordinate to thei
' 
leaders ,vill succeed best in battle. Other things equal, those ,,,hicl), 
subInitting to cOllllllands longer, have grown into larger gronps, ,,,ill 
thus benefit. And other things equal, advantages ,vill be gained by 
those in ,vhich, under dietation of the patriarch, t.he industrial coüp- 
eration has been rendered efficient. So that, by survival of the fittest 
alnong pastoral groups struggling for existence with one another, 
those ,vhich obedience to their heads and mutual' dependence of parts 
ha\'e Inade the strongest will be those to spread; and in course of 
tÏ1ne the patriarchal type ,vill thus become vtell marked. K ot, in- 
deed, that entire disappearance of le
s-organizeù groups nlllst result; 
since regions favorable to the process described facilitate the sur- 
yival of sinaller horJcs, pursuing lives more predatory and less 
pastoral. So that there may sÏInultaneously gro,v up larger clusters 
,vhich develop into pastoral tribes, and smaller 
lusters which subsist 
mainly by robbing them. 

Iark next how, uuder these CirCUl11stances, there arise crrtain 
arrangements resl)ecting o'\
nership. The division presupposed by 
inclivi(lualization of property callnot be carried far ,vithout. appliances 
,vhich savage life docs not furnish. ßleaRures of tilue, measures of 
quantity, lueasures of value, arc required. "Then from the prin1Ïtive 
appropriation of things found, caught, or made, ,ve pass to the acqui- 
sition of things by l)arter and by service, "
e see tI)at approximate 
equality of value het,veen tIle exchan g ed thinO"s is inl l )lied. and in 

 , 
the aùsence of recognized equivalence, ,vhich nlust he exceptional, 
there will be great resistanee to harter. AUlon g savao-es therefore 
'J 
 , , 
property extends hut little beyonò the things a nlan can !)rocure for 
hilns
lf. J{inc1red obstacles occur in the pastoral g!.onp. IIo,v can 
the value of the labor contributed by each to the conlll1on weal be 
measul"l,a? To-day the co'wherd can feec1 his cattl
 close at hand; to- 
nlOlTO\V he 11111st c1ri,ye thCln far and get back ]
te. 1I(11'e the 
hcphcrd 
tend
 hi!' flock in rich pastnre; and in a region l1ext visited the sheep 
<1ispcr
e in 
('arch of scanty food, and he has g reat trouble ill gettino- 
....., b 
in the strayed ones. K 0 nC'connts of labor ßpent by either can be 
kept, anll t.hc,.c arc 110 curr(1)t rate
 of wag'es to gÏ\ye ideas of t})eir 
respective claims to shares of produce. Th'e work 
f the daughter or 
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the bond woman, ,,,,ho n1Ïlks and ,vho fetches ,vater, no,v fro.nl a well 
at hand and no\v from one farther off, varie
 fronl day to day; and 
its "rqrth, as compared with the ,yortl1s of other ,yorks, cannot be 
known. So with the preparation of skins, the nlaking of clothing, the 
setting up of the tents. All these miscellaneous services, differing in 
arduousness, duration, skill, cannot be paid for in money or produce 
,vbile there exists neither currency nor lnarket in which the relative 
values of articles and labors may be established by cOIllpetition. 
Doubtless a bargain for services rudely estimated as worth so many 
cattle or sheep may be entered into. But beyond the fact that this 
form of paynlent, adn1Ïtting of but very rough equivalence, cannot 
conveniently be carried out with aU members of the grou)J, tbere is 
the fact that, even supposing it to be carried out, the members of the 
group cannot separately utilize their respective portions. The sbepp 
have to be herded together; it would never do to send them out in 
small divisions, each requiring its attendant. The milk which cows 
yield must be dealt with in the maslS-could not ,,'ithout great loss of 
labor be taken by so nJany separate milk-Inaids and treated afterward 
in separate })ortions. So is it throughout. The n1embers of the group 
are naturally led into the system of giving their respective labors 
and satisfying from the })roduce tlleir respective ,,'ants: they have to 
live as a corporate body. The patriarch, at once family-head, director 
of industry, owner of all menlhers of the grou}) and its belongings, 
regulates the labor of Lis dependents; anel, maintaining tbem out 
of the COlumon stock that results, is restrained in hi::j distribution, as 
in his conduct at large, only by traditional cnstom and by the pros- 
pect of resistance and fSecession if he disregards too far the average 
opInIon. 
The mention of secession introduces a remaining trait of tl)e patri- 
archal group. Small societies, mostly at enmity ,,,ith surrounding so- 
cieties, are anxious to increase the nun1 bel's of their n1en that they 
may be stronger for ,val'. lIence sometimes female infanticide, that 
the rearing of males may be facilitated; hence in sonle places, as part8 
of Africa, a 1\ T oman is forgiven any amount of irregularity if 
he Leal's 
many children; hence the fact that aIllong tbe IIebrews barrenness 
was so great a reproach. This \vish to strengtbcü itself by adding to 
its fighting-men leads each gronp to welcome fugitives fronl other 
groups. Everywhere, and in all times, there goes on desertion-some- 
times of rebels, sometimes of crimina1s. Stories of feudal ages, tell- 
ing of knights and men-at-arnlS "who, heing ill-treated or in danger of 
puni
}llllent, escape and take seryice \\.ith other princes or 110bl<.'s, J"e- 
mind us of what goes on at the present day in yarious parts of Africa, 
,,,here the dependc-nts of a chief who treats thenl too haJ"sh1y leaye 
hiln and join some neighboring chief, and of what goes on among 
such wandering South American tribes as the Coroados, menlbers of 
\vhich join no'y one horde and now another, as Ílnpulse prompts. And 
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that with pastoral peoples the like occurs, ,ye have direct evidence: 
Pallas tens us of th
 Calmucks and. 
Iollgols that 11lcn oppressed by a 
chief desert ana go over to other chiefs. Occasionally occurring eve- 
rywhere, this fleeing from tribe to tribe entails ceremonies of incor- 
poration if the stranger is of fit rank and ,vorth-exchange of namt'
, 
luiu<1'liuo- of l )ol'tÍons of blood, etc.-by which he is supposed to be 
ö ð 
lllade one in nature wi
h those he has joined. 'Vhat happens when 
the group, instead of being of the hunting type, is of the patriar- 
chal type? Adoption into the tribe nò,v becomes adoption into the 
falnily. The t,,
o being one-the fanlily being otherwise called, as in 
Ilebrew, "the tent "-political incorporation is the san1e as dOlnestic 
incorporation. And adoption into the family, thus established as a 
sequence of primitive adoption into the tribe, long persists in the de- 
rived societies "rhen its original meaning is lost. 
And now to test this interpretation. Distinct in nature as are 
sund.ry races leading pastoral lives, ,ve find that they have evolve(l 
this social type ,vhen subject to these particular conditions. That it 
'vas the type among early Sen1Îtes does not need saying: they, in fact, 
having largely served to exetnplify its traits. That the Aryans during 
their nomadic stage displayed it is Ï1nplied by the account given above 
of 
ir IIenry 
Iaine's investigations a1)(l inferences. 'Ve find it again 
alnong the :Thlongolian peoples of Asia; and again among wholly alien 
})eoples inhabiting South Africa. Of the Ilottentots, w'ho, exclusively 
pastoral, differ from the neighboring Rechuanas and Caffres in not 
cultivating the soil at all, we learn frolll l{olben that all estates" de- 
scend to the eldest son, or, where a son is "
anting, to the next male 
relation;" ana" an elt1est son n1ay after bis father's death retain bis 
brother8 and sil'ters in a sort of slavery." Let us note, too, that 
among the neigh boring Danulras, ,vho, also exclusively pastoral, are 
unlike in the respect that kinship in the female line still partially sur- 
vives, patriarchal organization, whether of the family or the tribe, is 
but little developed, and tl1e subordination sn1al1; and further, that 
alllong the Caffre
, ,vho, though in large measure pastoral, are partly 
agricultural, patriarchal rule, private and public, is qualified. 
It ',0111<1 cloubtless be unsafe to say that under no other conditions 
than those furnished by pastoral life does there arise this fan1ily type. 
We have no proof that it may not arise along with direct transition from 
the hunting life to the agricultÙral life. But it ,,
ould appear that usu- 
ally this direct transition is accompanied by-a different set of changes. 
'Vhere, as in Polynesia, pastoral life has heen impossible, or where, 
as in Peru and ::\[exico, we have no reason to suppose that it ever ex- 
isted, the political ana dOlnestic arrangmllents, stiH characterized IDuch 
or little by the prinliti\
e system of d('
cent in the female line, ha'"e 
acquiret1 qualified forms of Inale de
cent and its concomitant arrange- 
ments; hut they appear to have doue so under pressure of the influ- 
ences which habitual nÜlitancy maintains. 'Ye have an indication of 
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this in the statenlent of GOlllara respecting the Peruvians that" neph- 
ews inherit, and not sons, except in the case of the Incas." Still 
better are we shown it by sundry African staies. 1\rnong the coast 
negroes', \\
hose kinships are ordinarily through females, \\'hose various 
societies are variously governed and most of them very unstable, male 
descent 11as been established in some of the kingdoms. The inlnnd 
negroes, too, silnilarly retaining as a rule descent in tbe female line, 
alike in the state and in the fan1ily, haTe acquired in t11eir })ublic and 
private arrangements some traits akin to those derived from the patri- 
archal systenl; nnd the like is the case in Còngo. Further, in tlle 
powerful kingdonl of Dahomey, where tbe monarchy has becollle 
staùle and aùsolute, lllale succession and priulogenitnre are c0111})letely 
established, and in the less des})oticaIly.governed Asllantee partially 
established. 
But whether the patriarchal type of fanIily nlay 01' may L.ot arise 
under other conditions, ,ve lnay safely say t hat the p:1storallife is most 
favorable to development of it. From the general laws of evolution 
it is a corollary t11at there goes on integration of any group of like 
units simultaneously exposed to forces that are like in kind, alllount, 
and direction; and obviously the members of a ,,'andering family, 
kept together by joint interests and jointly in antagonism ,vith other 
such families, "rin become more integrated t]lan the members of 
a family associated ,vith other families in a primitive tribe, all the 
members of ,vhich have certain joint interests, and are jointly in 
antagonism with external tribes. Just as ,ve ùaye seen that larger 
social aggregates become coherent by the coüperation of tùeir merl1- 
bel's in conflict ,vith ll.eighLoring like aggregates, 80 with tlJis 
smallest sociai aggregate constituted by the nOl1uHlic family. Of 
the differentiations that simu1taneou
ly arise, the sallIe lnay l)e said. 
As the government of a larger society is evolyed during its struggles 
,vith other ..such societies, 80 is the governnlent of this sll1allest society. 
And as here the society and the fanli1y are one, the developnlent of 
the regulative structure of the society becomes the develo})nlent of 
the regulatiye fan1Ïly structure. l\Ioreover, analogy suggests t]lat the 
higher organization given 1)y thiF\ discipline to the farnily group makes 
it a better component of soci{-'ties after,vard formed than are family 
groups ,vhich have not passed through tllis di
('ip1ine. Already ,,
e 
ha ,'e seen that great nations arise only by aggregation and reaggre- 
gation: small comTlluniti{-'s have :first to acquire some consolidation 
and structure; then they admit of union into conlpound comnlunities, 
which, when ,yell integrated, may again be compounded into still 
larger communities; and so Oll. It now appears tJlat social evolution 
is most favored ,vhen this process begins with the smallest groups- 
the fû,u1Ïlies: such gronps, made coherent and definite in the way de- 
scribed, and afterward compounded and recom})ounded, haying origi- 
nated the highest societies. 
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..t\.,n instructive analogy- between social organisms and individual 
organisms snpports this inference. In a })assage from 'which I have 
already quoted a clause, Sir IIenry l\laine, using a metaphor which 
biology furnishes, says: ".All the branches of huma? society lllay or 
may not have been developed from joint families ,vhich arose out of 
au original }):1triarcbal cell; but, ,vherever the joint family is an in- 
stitution of an Ayran race, ,ve see it springing from such a cell, and, 
,,,hen it dissolves, we see it dissolving into a number of such cells: " 
thus implying that, as the cell is the proximate component of the in- 
dividual organism, so the family is the l)roximate component of the 
social organism. But in either case this, though generally true, is not 
entirely true; and the qualification required is extremely snggestivè. 
Lo\v down in the animal kingdom exist creatures not possebsing the 
definite cell-structure-small portions of living protoplasm without 
linÜting membranes, and even ,vithout nuclei. There are also certain 
types producecl by aggregation of 
uch Protozoa / and, though it is 
now alleged that the individual components of one of these cOlnpound 
F01.an
inifera have nuclei, yet they have none of the definiteness of 
developed cells. In types above these, however, it is otherwise: 
eyery cælenterate, molluscous, annulose, or vertebrate animal begins 
as a cluster of distinct, nucleated celIs. 'Vhence it 'would seeln tbat 
the unorganized portion of protoplasm constituting the lowest anilnal 
cannot, by union ,vith others such, furnish the basis for a highcr ani- 
mal; and that the sinlplest aggregates have to become definitely de- 
veloped before they can form larger aggregates c=.tpable of much de- 
velopnlcnt. Similarly with societies. The tribes in which the fan1ily 
is vague and unsettled rf>main politically unorganized. Sundry par- 
tially-civilized peoples characterized by some definiteness and co- 
herence of fan1Ïly structure have attained corresponding heights of 
social structure. And the highest organizations l1ave been reached 
by nations compounded out of family groups which had previously 
become highly organized. 


Ana now, limiting our attention to these highest societies, ,,"e 
have to thank Sir Henry l\Iaille for showing us the ways in which 
many of their ideas, customs, laws, and arrangements, have been de- 
ri ved from those which characterized the patriarchal group. 
In all cases, habits of life; when continued for many generations, 
Inould the nature; and the resultino- traditional beliefs and usao-es 
. b ö , 
wIth the accompanying' sentiments, become difficult to change. 
_ lIenee, on passing from the wandering j1ftstoral life to the 
ettled 
agricultural life, the patriarchal type of family, ,vith its established 
traits, persisted, and gave its stamp to the social structur('s which 
gradnally arose. As Sir IIellry 1\laine says: "All the larger groups 
,vhich Inake up the prhniti\re societies in ,vhich the patriarchal f:llnily 
occurs, aro seen to be I1nllti I )]ications of it and to be in fact thenl- 
- , , , 
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sel ves more or less fonned on its model." The divisions which grow 
up as the family multiplies become distinct in yarious degrees. "In 
the joint undivided fanÜly of the lIindoos, the stripes, or stocks, 
which are only known to European law as branches of inheritors, are 
actual divisions of the fainily, and live together in distinct parts of 
the common dwelling;" and similarly in sonle }1arts of Europe. In 
the ,vords of another writer: "The Bulgarians, like the Russian l)eas- 
antry, adhere to the old patriarchal method, and fathers and married 
sons, with their children and children's children, IÏ\re under the same 
roof until the grandfather dies. As each son in his turn gets married, 
a ne,v room is added to the old building, until ,vith the ne\v genera- 
tion there "ill often be twenty or thirty people living under the same 
roof, all paying obedience and respect to the bead of the family." 
Fronl further multiplication results the vil1age community; in which 
the households, and in part the landed properties, bave beconle dis- 
tinct. And then, where larger populations arise, and different stocks 
are 10cal1y mingled, there are formed such groups within groups fiS 
those constituting, anlong the ROHlfins, the family, the llouse, anel the 
tribe: common ancestry being in all cases the bond. 
Along ,vith persistence of patriarchal structures under new con- 
ditions naturally goes persistence of patriarchal principles. There is 
suprelnacy of the eldest" male; sOlnetimes continuing, as in Roman 
la"r, to the extent of life-anel-death po\ver oycr "rife and children. 
There long 8urvi \
es, too, the" general idea that tbe offenses of the in- 
dividual are the offenses of the group to which he belongs; and, as a 
consequence, t}}ere survives the pl:actice of holding the group respon- 
sible and inflicting punis,hment upon it. There come the system of 
agnatic kinship, and the re:::,uIting laws of inheritance. And there 
develops the ancestor-worship in ,vhich there join groups of family, 
honse, tribe, etc., that are large in propol,tion as tIle ancestor is 
remote. Thcse ref'ults, however, here briefly indicated, do not now 
concern us; tIley have to be treated of more as social than as domes- 
tic phenolnena. 
But with one further general truth ,vhich Sir IIenry l\Iaille hrings. 
into view, we are concerned-tIle disintegration of the family. " The 
unit of an aneient society was the family," he says, and," of a lTIod-. 
ern socicty the individual." Now, excluding those arcllaic types of 
society in which, as we haye seen, the family is undeveloped, this 
g
nera1ization appears to be an}ply supported hy facts; and it is one 
of profound importancc. If, recalling the aboye suggestions respect- 
ing the genesis of tIle patriarchal family, ,,'e ask what lllUst happen 
when Ule causes which joined in forming it are renloved, and replaced 
by antagonistic causes, "\\re slla11 understand why this change bas 
taken place. In the lowest gronps, ,yhile thcre continues coÖperation 
in war and the chase anlong individuals belonging to different stock
, 
the family remains vague aud incoherent, and the individual is the 
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unit. But when the imperfectly-formed faTnilies 'with their dom
sti- 
cated animal
, anJ the family and the society, are thus separate into 
distinct groups, made identical-when the coöpel'ations carried on 
are bet,veen individuals domestically related as ,vell as socially re- 
lated, then the family becomes defined, conlpact, organized; and itt; 
controlling agency gains strength because it is at once parental and 
political. This organization which the pastoral group gets by being 
at once fanÜly and society, and ,vhich is gradually perfected by con- 
flict and survival of the fittest, it carries into settled life. But set- 
tled life entails InnItiplication into nun1erous such groups adjacent to 
one another; and in these changed cirClullstances each of the groups 
is shelt
red iron1 some of the actions which originated its organiza- 
tion anc1 exposed to other actions which tenc1 to disorganize it. 
Though there still arise quarrels among the multiplying fanlilies, yet, 
as their blood-relationship is no,v a familiar thought, ,vhich persists 
longer than it "roulc1 have done hac1 they ,vandered away from one 
another generation after generation, the check to antagonism is 
greater. Further, the ,vorship of a common ancestor, in which they 
can now more readily join at settled intervals, acts as a restraint on 
their hatreds, and so holds them together. Again, tIle family is no 
longer liable to be separately attacked ùy enemies; but a nlllnber of 
the adjacent fan1Ïlies are simultaneously invaded and shnultaneonsly 
resist: coöperation among then1 is induceù. Throughout subsequent 
stages of social growth this coöperation increases; and the fan1Ìlies 
jointly exposed to like external forces tend to integrate. Already ,ve 
have seen that by a kindred process such communities as tribes, as 
feudal lordships, as small kingdolns, become consolidated into larger 
communities; and that along \\rith the consolidation caused by coöp- 
eration, prilnarily for offense and defense, and subsequently for other 
}nuposes, there goes a gradual obliteration of the divisions between 
thein, and a substantial fusion. Here we recognize the like process 
as taking place with these smallest groups. Quite harloonizing with 
this general interpretation are the special interpretations which Sir 
I-Ienry }Iaine gives of the decline of the patria potestas among the 
}{omans. lie points out how father and son had to I)erform their 
civil and military functions on a footing of equality wholly unlike their 
domestic footing; and how thC' consequent separate acquisition of 
authority, power, spoils, etc.;by the r;on, gradual1y undermineà tl}e 
paternal despotism. In<lh'iduals of the falnily ceasing to work to- 
gether exclusively in theil' unlike relations to one another, and com- 
ing to work together under like relations to state authority and to 
enemies, the public coöperation and suhordination grew at the expense 
of the f:uni1y coöperation and subordination. Not only militant :lcti\"- 
ities, hut also industrial activities in the larO'e a(Y'O'rcO'ates e\"entuall y 
o ö
 
 
formed, conduced to this result. In a recent work on "Bosnia and 
HerzC'govina," 1\11'. Arthur J. Evans, describing the Slavonic house. 
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communities, ,,-hich are dissolving under the stress of industrial com- 
petition, says, " The truth is, that the incentives to labor and économv 
are 'weakened by the sense of personal interest in their results being 
subdivicled." 
And now let us note the marvelous parallel between this change 
in the structure of the social organisln and a change in the structure 
of the individual organisn1. 'Ve saw that definite nucleated cells are 
the conlponents which, by aggregation, lay the foundatiòns of the 
higher organislTIs; in the same way that the ,yell-developed simlJle 
social groups are those out of which, ùy Cou)position, the higher 
societies are eventually evolved. IIere let me add that as, in the 
higher individual organisms, the aggregated cells ",-hich form the 
embryo, and for som"e time retain their separateness, gradual1y give 
place to structures in which the cell-form is greatly masked and 
almost lost, so in the social organism the family groups and COll)- 
pound family groups, which ",'ere the ol'iginal COn1})Onents eventually 
lose their distinguishableness, and there arise structures formed of 
mingled individuals belonging to many different stocks. 


A question of great interest, ,vhich has immediate bearings on 
policy, renutÏns: "Is there any limit to tbis disintegration of the 
famil y ? " 
Already in the more advanced nations, that process ,vhieh dis- 
solved the larger fan1ily aggregates, dissipating the tribe and tbe 
gens and leaving only the family }H"oper, has long been cOlnpleted; 
and already there have taken plac'e partial disintegrations of the fan1ily 
I)ropel'. Along with changes ,vhich for family responsibility substi- 
tuted indi ,-idual responsibility in respect of offenses, have gone changes 
,vhich, in some degree, have absolved the fan)i1y from responsibility 
for its members in other respects. "Then by poor-Ia"ws public provision 
,vas made for children whom their parents did not or could not ade- 
quately support, society in so far assun1ed family functions; as also 
when undertaking, in a measure, the charge of parents not supported 
by their children. Legislation has of late further relaxed fanlÏly bonds 
by relieving parents from the care of their cllildren's minds, and in 
place of education under parental direction establishing education 
under state direction; and ,,,,here the appointed authorities have fonnLl 
it needful partially to clothe neglected children before they could be 
taught, ana eyen to ,vhip children by police agency for not going to 
school/ they 11ave still further substituted for the resl)onsihi1ityof 
parents a national reponsibility. This recognition of the individual, 
eycn ",
hen a child, as the social unit, rat})f'r tluln the falnily, has indeed 
now gone so far that by many tbe paternal duty of the state is as- 
sumed as self-evident; and crin1Ïuals are called" our failures." 
Are these disintegrations of the fan1Ïly })arts of a normal prog- 
1 See Timcs, Fcbruary 28, 1877. 
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l'ess? ..Are ,ve on our ,vay to a condition like that reached by sundry 
cominunistic aggregates in An1erica and ebewhere? In the
e, along 
,vith conll11unity of property, and along ,vith something approaching 
to cOlnnlunity of ,vives, there goes community in the care of offspring: 
the Üunily is entirely disintegrated, and individuals are alone the units 
recognizeL1. 'Ve l1a ve made sundry steps toward such an organiza- 
tion, Is the taking o
 those which remain only a nlatter of tinle? 
To thi
 qucstion a distinct answer is furnished by those biological 
generalizations with which we set out. In Chapter II. ,vere indicated 
the facts that, with advance toward the highest animal types, there 
goes increase of the pcriod during \\?hich offspring are cared for by 
parents; that in the human race parental care, extending througbàut 
infancy and childhood, becomes elaborate as ,veIl as prolonged; and 
that in the highest members of the highest races it continues into 
early nlanhood: providing numerous aids to material welfare, taking 
prpcautions for moral discipline, and employing complex agencie
 for 
intellectual culture. l\Ioreover, we saw that, along ,vith this length- 
ening and strengthening of the solicitude of parent for child, there 
. gre,v up a reciprocal solicitude of child for parent. Among even the 
highest aninlals, of sub-hun1al1 types, this aid and protection of parents 
by offspring is absolutely wanting. In the lo,ver human races it is 
but feebly marked: aged fathers and nlothers being here killed and 
there left to die of starvation; and it becolnes gradually more marked 
as we advance to the highest civilized races. Are we in the course 
of further evolution to reverse all this? IIave those parental and 
filial bonds, which have been growing closer and stronger during the 
latter stages of organic developlnent, suddenly become untrustworthy? 
and is the social bond to be trusted in place of them? j\re the in- 
tense feelings which have made the fulfillment of parental duties a 
source of high pleasure, to be now regarded as valueless? and is the 
sense of public duty to children at large to be cultivated by each man 
and woman as a sentiment bettcr and more efficient than the parental 
in
tincts and sYlupathies? Possibly Father Noyes and his disciples, 
at Oneida Creek, ,viII say Yes to each of these questions; but prob- 
ably few others .will join in the Yes-even of the many ,vho are in 
consi
tency bound to join. 
So far from expectin g disinte g ration of the family to 0"0 further 
.. b , 
we }lave reason to suspect that it has already gone too far. Probably 
the rhythm of change, conforming to the usual law, has carri<.'d us 
fron1 the one extrelne à long way toward the other extreme; and a 
rcturll-nlovement is to be looked for. A sugge
tiYe parallel may be 
nallle(l. In early stages the only parental and filial kinship formally 
rccognizl'd "Tas that of mother and ('hila; after w]lich, in tI)(, 
low 
course of progress, was reached the c1oetrin<.' of excln
ive male kin- 

hip-the kinship of child to Inother heincr io-nored. aft('1' which tlwre 
:-" 
 , 
canle in another long period the establishment of kinship to lJoth. 
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Wives. Further, "Te found that even in European history this rela- 
tion, at first not manife8t, is to be traced. Conversely, it ,vas shown 
that \vi.th incrca8e of industrialness and consequent approach to equal- 
ity of the sexes in nun1bers, nlonoganlY becolnes nlore genera], be- 
cause extensive polygyny is rendered inlpracticalJle. 'Ye S3"r, too, 
that there is a congruity between that conl}Julsory coü})cration ,vhich 
is the organizing principle of the militant type of society, and that 
cOlllpnlsory coüperation characterizing the polygynous househo]d; 
,vhile ,vith the industrial type of societ)T, organized on the principle 
of voluntary coÖperation, there harmonizes that monogan1Ïc union 
which is an essential condition to voluntary dOlnestic coöperation. 
Lastly, these relationships 'vere clearly shown by tbe remarkable fact 
that, in different parts of the world, among different races, th<.>re are 
prilnitive societies in other respects unadvanced, which, excel)tional 
in being peaceful and industrial, are also exceptional in being mono- 
gamIc. 
Passing to the consideration of the family under its social as- 
pects, we examined certain current theories. These imply that in 
the beginning there were settled 111arital I'elations, ,,'hieb "Te have 
seen is not the fact; that there was at first descent in the male line, 
,,'hich the e,'idence dispro\'es; that in the earliest groups there ,vas 
definite subordination to a heacl, ,vhieh is not a sustainable proposi- 
tion. Further, the contained assumptions that originally there ,,'as 
an innate sentin1ent of filial obedience, giving a root for patriarchal 
authority, and that originally fan1Ïly connection afforded the only 
reason for l)olitical COIn bination, are at variance with accounts given 
us of the uncivilized. R
cognizing the fact that if we nre fully t.o 
understand the higher forn1s of the fan1Íly ,ve must tra.ce then1 up 
from those lowest fornls accon1panying the lo,vest social state, "TC s:nv 
ho\v, in a SI11a11 separated gronp of persons old and young, lleld 
together by some kinship, there ,vas, nnder the circunlstances of pas- 
torallife, an establishing of male descent, an increasing of cohesion, 
of subordination, of coüperation, iudustrial and defensive; and that 
acquirement of structure. became relatively easy because domestic 
government and social govel
nment 1ecame identical: the influences 
favoring each con
piring instead of conflicting. IIence the genesis 
of a sinlple society more ch 1 veloped than all preceding- sinlple socie- 
tie
, and better fitted for the composition of higher societies. 
Thus naturally originating under 8pecial conditions, the patri- 
archal gronp with its :Hlapted idea
, sentiments, customs, arrauge- 
ment
, dividing in successive generations into suh-groups holding 
together in larger or sn1a11e1' clusters according as the environn1cnt 
favore(l, carried its organization with it into the settled state; and 
the efficient coün1ination evolved within it favored effici('JJt co.önlina- 
tion of the larger 
ocieties formed hy aggregation. Though, as we 
are shown by }Jartially-eivilized h.ingdollls existing in Africa, and by 
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extinct AUlcrican kingdolns, primitive groups of less evolved struct- 
ures. and characterized by another type of f
llllily may fonn COIUPOUlld 
societies of considerable sizc and complexity, yet the patriarchal 
group with its higher f:.unily type is inductively proved to be that out 
of which the largest and IllOst advanccd societies arise. 
Into conlIüunities produced by nlultiplication of it, the patriarchal 
group, carrying its supremacy of the eldest male, its system of inher- 
itance, its la,vs of l)roperty, its joint worship of the common ancebtor, 
its blood-feud, its complete subjection' of women and chilJren, long 
retains its individuality. But with these communities, as with com- 
munities otherwise constituted, combined action slowly leads to fu- 
sion; the lines of division become gradually less marked; and, at 
length, as Sir IIenry :\Iaine shows, societies which have the fanlily for 
their unit of composition pass into societies which have the individual 
for thcir unit of composition. 
This disintegration, first separating conlpound family groups into 
simpler ones, eventually affects the simplest: the nlembers of the 
family proper more and more acquire individual clainls and individ- 
ual responsibilities. And the ,vave of change, conforming to the 
general law of rhythll1, bas anlong ourselves partially dissolved the 
relations of domC'stic life, and substituted for them the relations of 
social life. Not simply have the individual claims and responsibili- 
ties of young atlults in each fctn1ily come to be recognizee} by the 
state; but the state has,. to a considerable degree, u
urped tbe pa- 
rental functions in respect of children, and, assun1Íng their claims upon 
it, exercises coereion over them. 
On looking back to the general hnvs of life, however, ana observ- 
ing the essential contrast between the principle of fan1Ïly life and the 
principle of social life, we conclude that this degree of fan1ily disinte- 
gration is in excess, and ,vill hereafter be followed by partial reinte- 
gration. 


... 


TIlE TIDES. 


By PROFESSOR ELL\.S SCHNEIDER. 


T IIERE has always been a difficulty in the minds of teachers, as 
,,'"ell as in the minds of lC'arners, to conlprehend the theory of 
the tides as presented in our text-book
. This theory fails to give a 
satisfactory account of tllC cause of the tit1es on the side of the earth 
most remote froBl thc snn and the moon. According to this thcory, 
at that part of the earth's 
l1rface which is turned away froIH the nloon 
or from the snn, a less 
unonnt of attraction is felt ùy her watprs than 
anywbere el
e on her surface; aud the ,vhole earth is thl'refore, in 
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effect, drawn away from the ,vaters on the far side of her, and thu
, 
the ",'ater being left behind, a tide is produced on this side, as' we1l as 
on the 
ide at "Thich the force of gravity acts directly. That so great 
an absurdity could have been accepted so long by our 'writers of text- 
books, is truly marvelous. It is, indeed, so contrary to aU known 
facts and laws of physics that, if no other influence ".cre felt by the 
,vaters at the far side of the earth than attraction, there ,vould be 
just the opposite effect Tn'oduced to that alleged by this absurd 
hypothesis. This can be demonstrated by actual experiment, and as 
conclusively as any other fact coming ".ithin the reach of experimen- 
tal philosophy. It has been proved experin1enta1ly tllat all bodies on 
the surface of the earth at Inidnight are heavier than at any other 
hour of the t"Tenty-four; and that ,vhen ne,v moon occurs at midnight, 
this increase of weight or gravity felt by matter on this pal't of the 
surface of the earth is still greater. Now, if this theory were corrcct, 
attraction ,vollld produce just the opposite effect; that is, matter 
would weigh less at midnight than at other hours of the twenty-four. 
On the side of the earth facing the sun and llloon, the weight of bodies 
is dilninished, as it should be, according to the theory "Thich I propose 
to establish in this article. 
The truth of this fact is very easily accounted for. Suppose the 
earth ,vere placed in such a position, in space, that she could not 
feel any of the sun's attraction, nor that of any other body. Then 
gravity would be equal on all parts of the earth's surface, on the sup- 
position of itR being a perfect sp
lere and at rest. But no,v bring her 
within the attractive influence of the sun. Then all particles of mat- 
ter on the earth's Rllrfac
 nlost remote from the sun would feel the 
force of gravity of both the sun and the earth; and these two forces 
w'ouhl a('t in the same direction and in the same straig}lt line, directed 
through the centre of the earth to the centre of the sun. On the side 
facing the sun, these two forces would also act in the same straigbt 
line, but in opposite directions. IIence a decrease of weight on one 
side and an increase thereof on the opposite side of tbe eartb. The 
same result follo,ys between the earth and moon under a sin1Ïlar suppo- 
sition. It is therefore not true tl1at the least amount of attraction is 
felt by the waters of the eart h at that par,t of her surface most remote 
from the snn or from tIle moon. It is indeed true that the sun and 
moon !trlve less power of attraction on the particles of nlntter at this 
})art of the earth's surface than they haye on pnrtic1es of Inatter facing 
then1. TIut., as attraction (1iminislws as the sqnare of the distance in- 
creases, thiR attractive force of these two bodies on nny part of the 
earth'R surface is not near BO o-reat as that of the earth h('rself on such 

 
part of her surface. Therefore, as these renlote particles feel the 
attraction of sun ana moon plus the attraction of the earth herself, 
they are dra,vn with greater force to,vard the centre of the earth tI)an 
any other particles. Consequently, it cannot be true that the whole 
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earth is drawn away 1'1'0111 the waters, aud that any tiùe is produced 
by the waters being left behind. 
IIo"r, then, can we account for 1 i
les oecnrring on opposite sides 
of the earth at the sal110 time? Let us see. In thc fir::-;t pInce, sup- 
pose the earth to occupy 80111e place in space, and to be in a state of 
perfect rest. Then suppose the sun to COlne into positiol1, and the 
earth to start on her journey of ü8,000 miles an hour in her orbit 
around the sun; ana suppo
e, too, that the earth rotates only once on 
her axis during one revolution arountl the sun. Then will the sanJe 
side of her surface face tbe sun in e,rery part of h('r orbit. Conse- 
quently, thcl'e ,vill be a solar tide perpetually at a part öf her surfacp, 
produced by centrifugal force, nnd at that part farthest from the sun. 
Night and solar tide will reign with unceasing steadiness at that one 
place; but there ,vill be no motion of these piled-up ,vaters. There 
they will stay, in a steady equilibritun, by the unceasing effect of cen- 
trifugal force, in the sarrIe manner as can be illustrated by swinging a 
hollow globe, partially fined "Tith ,yater, around the hanel by Incans 
of a cord, or by swinging a bucket filled with 'the same liquid, and 
having for its bottom a piece of India-rubber, which bottom will Lulge 
out when the bucket is swung around a centre, in the sanJe n1anncr as 
do the waters of the far side of the earth ,,,hen she s-wings or sweeps 
around the central sun with a velocity of 68,000 Illiles an hour. 
llut there are always two solar tides occurring on opposite sides 
of the earth. The above explanation ac>coullts only for the solar title 
on the si<1e of the earth farthest from the sun. IIow Inust ,ve account 
for the fact that there is also one on her side facing the sun and occur- 
ring near noon? It is a ,vell-kno,,"n l::nv of planetary motion tlwt 
centrifugal and centripetal forces are preciEely equal. By virtue Gf 
the first the earth seeks to fly fronl her centre of motion; by virtue 
of the 
econ<1 she has a tendenc y to fall into the centrallun1Ïnary . 

 , 
and everything on her surface is operated. on in like nlanller. The 
particles of her "rfiter, moving yery easily all10ng one another, are 
therefore dra,,-n readily away froln llcr soli<1 portions in opposite 
directions. On the one side the bulging out is caused by centrif- 
ugal, on the other by centripetal force. But, as these t,\,O forces 
are neady equal in all })arts of thp eart11'8 orbit, the tide-,vavcs on 
oppo
ite siùt:8 of her surface ll!ust also be nearly equa1. The centrifu- 
gal force is produced by the revolution of the earth around tlle SU1J ; 
the centripetal force is caused b y the force of o-r3vit y 10dITed in the 
, b 0 
great central orb. 
It Innst not be understood, howeyer, that the earth in her orLita] 
n10tion feel8 the cftèet of these two forces at her- surface only. Every 
}xH'ticle of the Inatter composing the earth feels both a centrifugal and 
a centripetal force ,,
hile this planet nl0yeS around the central orb, 
a11(l these t,vo forces are J)re('i
e1y equal only at the centre of the 
earth. But the matter of her surface Inost remote fron1 the sun feels 
YOI.. XL-IS 
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a centrifugal force that is in excess of the centripetal force felt at this 
salHe point; and the Inatter of her surface facing the SUll, l)ei-ng n('ar- 
('
t to, it, feels a centripetal force that is in excess of the centrifugal 
force felt at tl
is same point. But these two excesses are equal; hence 
there -are equal solar tides at these points, while at the eùrth's centre 
there is an exact balancing of the t"po forces. 
Suppose the nuttter of the earth ,vere all condensed into the yol- 
unle of a cubic inch, and that this snlall volume 1vere placed at the 
earth's present centre; then snppoE:c it rec
ived an ÏInpulse carrying 
it forw'ard with a velocity <'qual to tllat ,vbich moves the centre of the 
earth, and that it ,,
ere influenced by the snn, according to the law of 
grayity. This slna11 volun1(
, though equal in nlass to the entire n1aES 
of the earth, ,,,auld then n10\'e in the same curve in which the centre 
of the earth moves, and ,,-ith the same velocity. But suppose this 
Bolill inch of lllatter ,,'ere to be })l:1ced 4,000 miles farther frOl)1 the 
su 0, naIuely, at that point in space where the earth's surface is 1110st 
relnote fronl the sun. This solid inch, or ,vhole mass of the earth, 
would then 1110ve in a longer curve than it ,vould when at her present 
centre, as under the first supposition. But completing, nevertheless, 
in this longer curve, one revolution in the sallIe tiule in ,vhich one 
revolution is conlpleted in the s]lorter curye, at the earth's cel1tre, t]le 
centrifugal force would be much increased; and, the centripetal force 
being also din1inished in the sanle ratio, this cubic inch of matter would 
either abandon the sun's conlpanionship entirely or make a new orbit 
of nlotion. In like nIanneI' are 
he ,vaters of the earth operated on by 
centrifugal force at this point of the earth's surface. They have a ten- 
dency to fly off in a line. tangent to the earth's orLit. 
Now, suppose again that this coudensed nlatter of the earth ,yere 
placed at that point in space -where the earth's surface is nearest the 
sun, lulnlely, 4,000 rniles ne3rer the sun than the centre of the earth 
is: then the whole n13SS of tIle earth's matter would move in a 
shortm' cnrye than ,vhen placed at tbe centre, but, completing one 
revolution in no sllorter period, the centrifugal force "Tould be dinlin- 
ished; and, heing also nearer to the sun, the centripetal force ,vould 
be much increased by the central power of attraction. Therefore, this 
body of m3-tter "Tonld, nncler tIlis suppositioll, also leav.e its orbit, but 
it ,vould he dr:nvn tow[('rcl the snn, ana probably plunge into it. In 
the one case, the centrifnga I 1)e'ing greater than the centripetal force, 
the body would fly.fr07J? its centre of controlJing po,,'er; in the other 
case', tIle centripetal heing equally superior to the centrifugal forcC', 
the body would also he draw"n out of its orùit, but dragged to the 
centre of controlling power. These suppositions are made to show", 
by ,yay of illustration, tIle excessive force of each kind over its oppo- 

ite, at opposite sides of the earth. And these equally ('xces
ive 
forces, acting in such opposite directions, cause the opposite solar 
tides. The particles of ,vater, moving easily among one another, are 
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readily driven in opposite directions by these opposite forces. If the 
earth ,vere entil'ely solid, then there could he no such bulging out of 
any of its nutttcr, anù therefore no tides. 
A few words here in regard to the hnv of gravitation are in place. 
Every body of rHatter attracts every other Lody of nUltter, and with 
a force equal to the (ünount of matter each body contains; and this 
force diu1inishcs as the square of the distance increases. Two bodies of 
equal 1113SS approach each other equally; but, if one body contains 
four tilHes as 111uch 111atter as anothei', the smaller approaches the 
hn'ger with a velocity four tillles as great as the larger does the 
smaller. Suppose two such bodies, being separated at a distance o
 
100,OQO miles, attra
t each other with a certain kno,vn force: if this 
distance be increased to 200,000 miles, the force of att.raction between 
these two bodies wiU ùe only one-fourth as great. In like n1anner, 
the earth, at the point farthest froIn the sun, feels a sr;naller degree 
of attraction than the matter at the centre. And, as tbe centrifugal 
force is also greater at this point than at the centre, there is bere an 
excess of centrifugal over centripetal force, and sufficient, as can be 
ascertainecl by exact matllematical calculation, to produce a solar 
tide. .A,nd at that part of the earth's surface ,vhich is nearest the 
SUll, or facing it, there is, aceol'tling to the same law of gravity, an 
excess of centripetal over centrifugal force. lIence ,ve have also a 
solar tide at this part of the surface of the eartll. 
. I give one more illustration. Suppose the earth, at E (Fig. 1), is 
moving in a straight line to,vartl E, and ,vith a elocityof 68,000 
miles an hour; and snppose when she reaches E' she comes under the 
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attractive influence of the fìUÍ1. She ,,,,ill then be deflected from her 
rectilineal course and nlOYC in a curvilincal orbit around thc f'un. 
That part of her surf
tce turned away from the sun will be 8,000 miles 

arther froln the attractive influence of the central orb than that part 
of her surface facing the sun. IIence this remote part 'will have 3. 
greater tendency to continue moving on in a straight line than any 
other part; ancl this tendency will sho,v itself in the motion of its 
,vaters, by producing a tide. The ,vaters will have a tendency to 
movc in a line tangent to the orhit of the earth. The part of the 
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eart11's surface Ilearcst the sun, bcing acted upon l110re powerfully by 
the gravitating influence of this central for
e than the rcn10te part, 
,,-ill ;:,11ow. a less tendency to move on in a line tangent to the earth's 
orbit. lIence there ,,'ill be another tide produced by gravity di- 
rectly. 
I have thus far spoken only of the solar tides. It "Till be neCeSF:lry 
also to say SOlllething of lunar tides, or what influence the nloon has 
on the phenolnena of the tic1es. 
It is a well-known fact that there is a point between the earth and 
her moon callcù their .centre of gravity. The distance bet,veell the 
centre::; of these two bodies is ::tbout 240,000 n1ÏlcE-1. .1'\. rough calcula- 
tion brings the centre of gravity of these bodies a bout 2,687 nÚles 
from the centre of the earth, "and 237,313 n1Ïlcs from the centre of t11e 
moon. This point describe
 the curve of an ellipse around the snn; 
and the earth and nloon re\Tolve around this l)oint, while they 10th 
sweep through space in their majestic journey around the sun. It is 
therefore evident that the earth, in her ceaseless motions, is influenced 
by three different centrifugal forces. Tl1e one is produced by rotation 
on her axis; the other by her revolution around the sun; and the tlJird 
hy her revolution around the centre of gravity between }lerself and 
the moon. 
Let us suppose that the eal'th and n100n have no other motion in 
space than that of revolving around their comlnon centre of gravity, 
and that the same side of the earth is always facing the Inoon. The 
earth 'vill then fee] a centrifugal force on her side farthest from the 
moon, and equal to the centripetal force felt on her side facing the 
nloon. These two equal forces, acting in opposite directions, will 
cause tide-waves on opposite sides of the earth; and they will he pro- 
duced in the same manner as the opposite ones, spoken óf already, are 
produced by centrifugal and centripetal forces felt by the earth in }ler 
orbital motion around the sun. 
Let us now place the earth and moon in their proper position with 
respect to the sun; and let us suppose the n100n to be in conjunction 
with the sun, as at A, Fig. 2. It is then ne\v moon, and the n1oo11's 
centre i
 237,313 miles within and the earth's centre 2,ü87 Jniles out- 
side the elliptic orb described by dIcir centre -of gl
avity. At tl}is 
point of her path the earth feels, therefore, the greatest amount of 
centrifugal force on thè side of her surface farthest fronl tIle sun. This 
large amount of centrifugal force- is produced by axial rotatiùH, 1y 
revolution around tbe snn, and by revolution around the centre of 
gravity already named. The direction of these three forces is in the 
same line. The motion of this part of her surface, which is in this 
line of direction, is therefore the IllOst rapid; consl'quently, the cen- 
trifugal force felt here is also the greatest. 17lC'J'cfore, "Te have 011f' of 
the highest tides when the -moon is in conjunction with the sun; :lull, 
since centripetal is always equal to centrifugal force, the side of the 
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earth facing the sun and nlOOll at this point of her orùit must baye an 
C'qu
l1y high tide at this tilHe. The .centI:ipct
l. force here is produced 
by the gravity of both sun and nloon a
tlng JOIntly. ,. 
I.Jct us now suppose the l1100n to be In quadrature, as at B. Then 
the two centrifugal forces, the one produced by revolution around the 
snn, the other by revolution around thC' centre of gravity of tbese two 
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l)odies, do not act in the same line of direction, lnlt at right angles 
,vith each other. The phenomena of solar and lunar tides arc then 
about 90 0 apart; the solar being the smaller anc1 the lunar the larger. 
Jlere the centres of both earth and moon are in the path described 
hy their centre of gravity. 
In the last place, let us Slll)pose the moon and sun to be in oppo- 
sition, as at O. Then, according to J11Y theory, the earth feels, on 
hl'r side f..<trthest froln the sun, an influence ,vhich dilllinishes the 

L'ntrifugal force produced by her orbital revolution. For at thi
 
point the earth's centre is 'wit/tin and the moon's ('entre is 
()itlto'llt tIle 
elliptic path described l}y their centre of grayity. TIere the revolu- 
tion of the earth around this centre of gravity is contrary to her gen- 
eral nlotion around tll(' sun. But what is dIns lost in centrifugal force 
on her side turned away from the sun is nlore than made up by the 
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gravity exerted directly on her by the 11100n. .And, on th
 side of 
tbe earth facing the sun, she feels a ceutrifu,gal force })roduced 1y 
revolution arounù the centre of gravity of herself and the moon, and 
also a centripetal force produced by the gravitating influence of the 
SUB. lIenee there must be bigh tide also when sun and 11100n are ill 
opposition. 
It is a kno,vn fact that the solar are less than the lunar tides. 
I-Io,v must we account for this fact? The snn is a botly so large tbat 
the Inass of the nloon iB not nllH
h more than a grain of sand in C0111- 
parison with it. TIut it n1ust also be relllcluLered that gravity dill1Ín- 
ishes as the square of the distance increases; and a
 tbe 11100n is very 
near the earth, anù the sun a grL'at ,yay oft
 the lunar influence is 
llluch l110re strongly felt in the pbellollH:na of tide
 than the solar in- 
fluence. 
The amount of centrifugal force felt by a l)ocly moving in space 
around a centre depends, not only on the velocity with which it nloves, 
but also upon the size of the curve in which it nloves. If the CirCl1lU- 
ference of the curve is ycry large, it differs not nluch from a straigllt 
line. If a body nloves in space ill the direction of a straight line, it 
feel
 no centrifugal force at all. If it is deflected fron1 the direction 
of this straight lille, only a very little, the circuluference of the c!uye 
,,,ill ùe very long, and the centrifugal force will be snlal1. But, if it 
is very much deflected, the curve becomes very sI11all, and the Lodr, 
turning around ,"cry "short corners," has a strong tendency to fly 
"off the track." In other 'Yord8
 in a short curye the centrifugal force 
is very great. 
N o'v, let us make an examination of the orbital curve of the earth 
lnade in its Il10tion around the sun. The h>ngth of the circumference 
of this curve i
, in round numbers, about 570,000,000 miles. A 
straight line, 10,000 n1iles in length, tangent to this curve at one end, 
is only about .526 of a mile distant from the circunlference at its other 
end. Therefore, the earth, 1110ving in thisorLital curve, feels rather 
a small amount of centrifugal force. TIut, in 11er 111otion around t1w 
centre of gravity between herself and the moon, she turns yery "short 
corners," and hence under this influence she experiences a greater 
amount of centrifugal force than in her motion around. the sun. 1."01' 
this reason, also, the lunar are greater than the solar tiL1ef:. 
If the earth had only one rotation. in one revolution around tlw 
sun, there would be, as already stated, one solar tiòe ùy ,'irtue of cen- 
trifugal force occurring at midnight, and another by virtue of centrip- 
. etal force occurring at noon. That i
, perpetual night ana high tide 
,vouIa occur at one si(1e, and perpetual day and high tide at preci:sely 
the opposite side of the earth. But no,v let us f'uppose the earth ro- 
tates on her axis once every t "\\Tenty-four hours, and fronl "
e
t to cast, 
as she actually does rotatf\: then th('re "Till ùe n1otion of the waters; 
but this motion win be only appa1'ent nlotion, and froln east to west. 
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The 
"eal nlotion will be that of the solid portion of tbe earth that 
moves from ,vest to cast, anll unùerneath these ,vayes, though these 
"Taves do also acquire, ùy Illcall8 of friction, a pal't of thi::; Inotioll; yet 
the centrifugal awl centripetal forces are so much superior as to 111:1S- 
tel' the effect of this friction. This frietional force carries also these 
tide-waves so far eastward that they occur ahvays several hours cast 
of the meridian; that 
s, several hours ((ftCi' noon, =:1ncl several hours 
after nlidnight. 
It i::; a known fact that the waters 'of the tides rush up the rivers 
and snlall bays on the east coasts of all countries with greüt yiolcnce, 
but not up those on the 'west coasts. The rca::;on of this is Y(TY cyi- 
dent. The ,vest coasts turn away fronl the tid
-waYcs; while the east 
coasts, nloving with a velocity of nearly 1,000 n1Ïles an hour, ill rota- 
tion, within an parts of the tropics, clash violently eastward against 
these "Ta \'es. For this reason the waters, by resistance or inertia, ap- 
pear to be clriven violently westwanl up the streams anll Lays, ,yhile 
it is the mouths of these channels ploughing with violence into the 
tide-"Taves themselves. 
It has been stated in this article that gravity is greater at that 
part of the earth's surface turned away froln sun and nloon than any- 
1\ T here else. It may be asked, "lIow then can centrifugal force drive 
out the ,vater above the nsual level ,,,hen its weight is increased?" 
This force acts in a line tangent to the earth's orbit, which tangent 
line, being perpendicular to the radius yector at perihelion and aphe- 
lion, ana at all other points in the earth's orbit ycry nearly so, Inay 
he said to he at right angles with a line extending fron1 this point of 
tangency through the centre of the earth to the centre of the sun. 
Therefore, the attractive power of tho sun acts on llJatter, at the part 
of the earth lllost reInote fr01n it, in the direction of the radius vector; 
and eentrifllgal force acts on this saIne matter in a direction at right 
angles with the raains vector. N o'v, as was first demonstrated by 
Galileo, tIle motion of a Loay, produced by one force, is not ae
troyed 
by another force acting on this san1e body at right angles ,,-ith it: 
The result of these t,yO conlùined forces is only a clw,nge in the direc- 
tion of Inotion. TIut, as has aheaay been shown, centrifugal i
 always 
in excess of centripetal force at the place of the earth 110,V nnder con- 
sideration. lIenee this ti<1e-wa\?e at this side. 
I conclude by saying that the gt"eat nlotions of the waters of the 
mighty aeep are most assnre.lly the grandest ocular demonstrations 
of the rotation of the earth upon her axis, and of her revolution around 
the 
un, that can- ùe wituesset.l hy tllc eyes of lnau. 
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ON .GROUND-AIR IX ITS IIYGIENIC RELATIO:XS. 1 


By DR. ltL\.X VON PETTE:KKOFER, 


PIWFESSOR OF HYGIENE IN THE T.;NIVEUSITY OF Mt:NICH. 


I F in tIte two preceding lectures I have tried to draw your attention 
- - to the penetration of thp air into our clothing aud our d weHings, 
I shall try in this last lecture to do the sallIe in reference to tIle air 
'which is in the groHnd, and to i
s connection and iutercour
e with t]1e 
air above the ground. The air in the ground has Lcen somewhat a. 
stranger to our 111Ïnc1s; tlIe ternlS air and earth, just like air aud 
,,-ateI', implied to our mind things contrary, and exclusive of each 
other. Tlio earth seelued to haye its JinÜt "here the air 1H'gan. 
Con11110n.sense seenlS inclined to hl 1 lieye that there can be no air in 
t11:1t ,vhereon ,ve ,valk and stand. If we say of the surface of the 
. earth that it is the IÏ1uit of the earth and the ùegillning of the atnl08- 
phere, we are not correct in reference to the Jatter. The air begins 
Hluch below the ground, and we ought to say that ,vhere the ground, ... 
'which i::; a n1Ïxture of carth, water, and air, ends, from there the at- 
ITIosphere exists alone. It i::; no ,vonder that no particular attention 
,vas paid to the air in the soil; its presence there docs not make any 
direct impre8
ion on anyone of our senses; "ye infer its prcsence 
lnore froin other experiences and consequent conclusions. TIle }n1man 
n1Ïnd formerly looke<.l upon the air as sOlnething unsubstantial, f'pir- 
itual, although Ineu saw the effect of hurricanes"; no wonder, then, 
that no one thought of the air hidden in the ground, which cannot 
even blo,v the hat from our head. 
"... e again nleet here ,,'ith the fact that, originally', only that calls 
forth ideas ,\yhich ÏJnprpsses our senses directly. Noone doubts that 
water penetrates the soU, and mo\'es there according to hyi1ro!:'tatic 
laws, hecause we see it run, vanish into the soil, coIl
ct and run out 
again, or we pUlnp it up; but hithcrto not nlallY have c1ear1y under- 
stood that the "Thole surface of t he earth, as far as it is })orous aHa 
its pores are not fiUed with ,rater, contaills air, w]tieh i
 also sul)jec;t 
to aërostatic la"Ts. Anò w"hy so? One feels 110thing of that air; it is 
a1 ways calm, it has no color, no sn1pll, no taste, in fact "TC take it for 
nothing. I haye shown you already how great an crror ,ve COl1lluit 
",.hen we suppo
e a cahn air to be motionless. Tllis applic::; just as 
luuch to the air in the soil, whicll, if its Illotion 'were even snail-like, 
would still travel from a good depth to the surface in one clay. 
Perhaps I shall succee<1 in giving' you a bettcr idea of the change 
of thc air in the ground than of that in "TalIs. To have a correct idea 


1 Abridged and translated by Augustus HLS
, M. D., mcmbl'r of the Royal CoIIege of 
Physicians, London. 
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of that air and its relations, we must know, in tbe first instance, its 
qnalltity in proportion to the different kind::; of Foi1. I.Jl't us fir
t takf' 
rnhLle-soil, gravel, or sand, which support the lal'ge
t and heaviest 
ellifices. IIere is a LottIe "rl1Ïch hol<1s exactly one litrl' (1 T\ pint) up 
to that nlark on its neck. I have filled it :;lowly with gravel, shakiug 
it all the while, so that the gravel settled completely. The gravel 
reaches up to the Inarl
. TI)is high cylinder contains just one litre of 
,vater, and is graduated into one hundred parts. X ow I pour the 
water into the gravel, till I find it just cOIning up to its surface, and I 
see that of th
 water in the cylinder thirty-five parts have entered 
the gravel ana driven out the air, 'which before had therefore tak
n 
np thirty-five per cent. of the whole 111ass. This is certainly a great 
qnantity of air, and if we build a house on such a ground its weight 
re
ts, no doubt, on the gravel alone, and not on the air; but for all 
that, this ground, as far as it is dry, consists to the extent of ono- 
third of air. In building on gravel, we build as 'well on air, just as 
we buila on ,vater ,vhen ,ve build on piles driven into a swanlpy soil 
and cut off under the water. 'Ve kno\v ,veIl that a house stanùiug 
on piles f:itands with its foot in "rater, that tIIis water is drawll up 
by the \\'a11:-; till beyond the ,vater-ll1ark, that the watcr of the ground 
has a good deal to <10 ,vith the house; why shouhl ,ve, then, refuse to 
acknowledge that the foot. of a h011se Lnilt on dry gravel, stands also 
on the air, and that the air in the ground is in intinlate rolation with 
the Il0nse? 
."Vhat I have 8ho'''11 yon in regard to gravel, can, in a sÍlui]ar war, 
l)e provcll in regar\l to sand, clay, and even nlore solid stony ana 
rocky soils. 
l\Iost kinds of sandstone are nearly as porous as loose sand. The 
rock of 
Ialta has heen proved by Leath ....\daIDs to suck np water on 
an ayerage to one-tl1Írd of its volume; consequently, 'when dry it 
Blust contain air to the sanle extent. One would not think that this 
,vas the ca
e ,vith thp rugged cliffs and shores of that remarkable 
isl:ulll, "hich look a
 if they were built up fronl the granite of the 
Swiss ...Alps. )Io
t buil.lings in )Ialta are built ,vith this )Ialte
e 
rock, ,vhieh is nluch used also throughout Italy. It is not less porous 
than the HC'rlin sands; theit" penetrahility for air and water is the 

am(', lHlt the grains of the )[nHe:o;e rock are connected hy f'On1e solid 
ulcdinm, while the grnin
 of the sand are loose. Tn respect to their 
porosity they stand rc1ntively as frozen and not frozen soil. 
)I:tuy ships of the English nayy hnve filters Iuade of a certain kind 
of :!\Ialtese rock. I have te
tcd one, null I have founa that the fi1ter- 
in
 basin swal10ws np forty-seven per cent. of its "holc contents, 
when useel for the first tinH\ 
..A 
oil ,vho
e pores arc fillecl }1artly hy air and partly by '73tel" is 
calh,tl c1:unp. It can take np nlore water till all its porc!" are fiUed 
,vith it, ,yhen an pn
s:1gc of air is stopped, just as "re have seen 
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with regar<.l to the lllortar of the house. That degree of Inln1Ïdity of 
the soil is called grouud-water J. it begins at the lowest lin1Ït of the 
air in the soil. 
It is well kno,vn that "
ater becornes soliJ at a temperature belo,,
 
freezing-point. In becoluing ice it changes its consistency totally, 
but its volume not very n1uch, increasing it by about six per cent., 
one hundred volumes of water beconÚllg one hundred and six of ice. 
In a frozen soil there must have been a certain quantity of water. 
rrhis .water in freezing has become a kind of celnent for the particles 
of tho soil, and gives it a solidity which the liquid water could not 
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impart. Althongh such frozen soil is as hard to 'work as stone, 'we 
have no right to as sumo that it is imporn1cable to air or gases of any 
kind. 
Those pores of tho soil ,y]}ich were free from ,yater cannot be n31'- 
ro'\yccl much by the expansion of t11C ncighboring pores through dw 
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frce.zing of their ,vater. It woula be just as incorrect to deny the 
pernleability to air of the frozen soil as that of the 
Ialtese rock. 
::;till, the most erroneous vie,vs have been {ornled on this subject, even 
by nlOH ùistingui
hed in other branches of science. 
IIavillg given you an iaea of the quantity of ail' in a porous f.oil, 
I have to give yon a correct idea of the Inobility of this air and of 
its change, and I shaH try to do this in a roundabout 'way, as I can- 
not ao it by Llirect ilnpre::,sion on your senses. 
rrlwre are things of ,,
hose existence we heconle only aware when 
they are absent. Probably tho fish is as little aware of the "
ater he 
lives in as we of the air, till he finds hinlself on the dry land. The 
creatures living in the air kno,v nothing of its oxygen, but, 'VhCll 
'we place thenl in an atnlosphere which has llOlle or too little of it, 
or too 111uch carbonic acid, they ,,:ill feel and behave like the fish out 
of water. There is a difference in the want of oxygen bet wecn dif- 
ferent anilnals; birds 1vant a good deal proportionately. A canary- 
bird takes about one and a third cubic inch of oxygen from the air in 
one honr. In one litre of air there are about thirteen cubic inches of 
oxygen, which the bird ,,"ould have consunled in ten hours. But he 
would be dead long beforf\, as he couldllot li\"e in an air deprived of 
one-half of its oxygen. The bird in this glass cylinder has been shut 
up bet,vcen gravel for the last ten hours, and you see be is quite "
ell. 
The cylinder is shut at its Io,,
er enel by a wire nctting, on ,vbich 
a stratum of gra\Tel rests. The bird stands on the gravel, and 
above binl there is another ,vire netting, 1vhich 
upports a strattun 
of gravel. The free space for the bird contains about one litre of air. 
This bird is shut up in the sanle ,vay as ,vorknlen sometÍInes 
are, digging at a 1vell or at some kind of shaft. If accident does 
not kill them at once, they seldonl clie from ,,-ant of air, eycn if it 
takes sonle days to c1ig thmu out, nlthough nlan's consumption of 
oxygen is about a thon
mlll tiules as great as that of the canary-birù. 
Sonle years ago, in Saxony, t,vo Ulen who 1yer0 f'hut up in the sl13ft 
of a well for ten days kept alive, and ,vere 110t nl11ch the worf'e for it 
,,
hen they came out again. I lnay Inention here that the celchrate<.1 
Frauuhofer, when still apprenticed to a glazier at 
Innich, ,vas bur- 
ied for several days unaer the ruins of his master's house, which had 
fallen in. 
I expect Fraunhofer's luck ,,
in be shared by this bird, whonl I 
intend renlo,ring to-lnorro,v to l1Ís old cage. 
You cannot longer liave any doubt about the Illotion of the air 
through gravel: but I ,,
ant to convince your senses; I want you to 
see the rnotion of the air, and to s.ee that Illotion taking place tllrough 
a much thicker stratunl of gravel than the strata shutting in the bird. 
Yon see this hig-h glass cy1inder (Fig. 2).. ,rith a sn1aller glass tube 
in
iae, open at both (,IH1s. The cylinc1er is fined 1vith gravel, and the 
glass tuhe connectea with a InanOIlIeter by some Illdia-rllùùer tubing. 
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As soon as I blow gently on the upper surface of the gravel, you see 
the liquid in the 1113nODleter uloving. The Illotion of the air'which] 
produce acts in thf' first instance on the surface of the gravel, propa- 
gates itself through the same to tbe bottom of the cylinder, enters 
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FIG. 2. 


tIle lower end of the tube, rises through it and through the tuhing 
into the Inanometer, where it pre
ses on the column of liquid, and sets 
it in Illotion. 
'Vhy docs the liquid Inove in the Inanometer ? Becanse the air, 
after the migration just described, presses with greater weight on the 
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surface of the column it arri \"es at than the outer air on the surface 
of the other column. If there were no liquid in the manollleter, the 
moved air would finally flow out of the lllanollleter, a1H1, as you see, 
1l0'V that I have enlptied the lllanolneter, nearly blo,v out this candle. 
In this way I believe that I have convinced yoÚr senses tlult the 
air can move through porous 
oils. 
If the air in the ground can be set in motion by the pressnre of ' 
air or wina against it's surface, there can be no doubt that. the saIne 
can be effected by differences of teulperatnre, anll by diffusion, and 
generally by all canses which can produce nloveU1ent of ga
es. r'lS 
long as the air in the ground is of a different teInperature ur conlpo- 
fo\itioll frolll the free atmosphere, there must be exchange and motiÖn. 
I will only, in order to leave no doubt on your n1Ïnù, direct your 
attention to several ,,-ell-kno\Yll facts, w}JÎch can only be explained 
by the change of the ground-air. 
All Christian nations bury their dead in tl]e earth, to gi ,-e hack to 
dust what came fronl dust. There are burial-grounds in which a 
corpse decays conlpletely in six to seveß years, .anù others ill ,,'hich it 
takes twenty-five to thirty years. The regulations about a seconù 
occupation of a ground depend on this difference, and tLerefor(1 to'VllS 
with an equal population may be obliged to Lave burial-grounds of 
yery different sizes. There are other circunlstances of sonle influence 
on the process of decay, but tl)e principal one is the anlount of, and 
the facility for, the change of the air in the 80il. I{ubhle and sandy 
soils do the work nluch quicker than nlarl and clay soil
. Striking 
experiences in this respect l1ave been nlad
 on tho French battle- 
field
, chiefly near Sedan, ,vhero a llelg-ian chelnist, Louis Creteur, 
haa to disinfect the large dead-pits. The bodies were buriea in 
chalk, quarry, rubble, sand, argillite, slate., nUlrl, or clay soils, and 
the sad \vork lasted fron1 the beginning of 
Ial"ch to the enL1 of June. 
In rubble the decay hall talen place fuHy, but in clay the bodies wer
 
surprisingly well kept, even after a very long time, anJ eyen the 
features conhl be identified. 
As the processes of putrefaction and decny are intiInately con- 
nected with tbe activity of certain lower organisnH
, which prey upon 
the dead, it is sufficiently clear th
t these organisln
 must thriye dif- 
ferently in different kind::, of soil. A liyely change of nil' and 'water 
in the ground appears to be of great influence in thi
 respect; the 
Inore air in the ground the ricJ)er the underground life. 
Rmn:1rkahle testinlony as to the })ernleability of the grouna, and 
of the fonndations of onr hou
es, has been given by gas elnanations 
into houses which haa no gas laitl OIl. I know ca
(1S ,,?here persons 
,vere poisoned and killec1 by gas which had to travel for h,'ellty feet 
under the street, and then Úlrou
h the foun<lations, cell:1.r-Y:1uJt
, and 
flooring of the ground-floor roon1

 As tJ1cse ki)}a
 of 3cC'illents hap- 
pened only in winter, they IJ3.ve been brought forward 
s a proof that 


. 
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the frozen soil did not allow the gas to escape straight u}Hvnrd, but 
droyc it into the house. I hn.Ye told you already why I take tlw 
frozen soil to be not more air-tight than ,vheIi not frozen. In such 
cases the penetration of gas into the houses is facilitated by the cur- 
rent in the ground-air caused by the house. The house, being warn}er 
inside than the external air, acts like a heated chimney OIl its sur- 
rounding!', anù chiefly on the ground upon which it stan<.1s, and the 
air therein, \vhich ,ye wiU call the ground-air. The warn} air in the 
chimney is l)ressec1 into and up the chin}ney by the cold air surround- 
ing the same. 
'he chinllley cannot act ,,-ithout heat, and the heat is 
only the rneans of disturbing the equilibrium of the columns of air 
inside and outsitlc the chimney. The ,,-arm air inside is lighter than 
the cold air outside; antl this being so, the former lllUst float uIHvard 
through the chimney, just like oil in ".ater. It continues to do so ns 
long as fresh cold air conles into its neigh horhood fronl outside. As 
soon as we interrupt this arrival, the draught into tIle chinuley is at 
an end. Any other way of looking nt the action of c]linu}eys leads to 
erroneous yiews, which have n1any tinles stopped the progress of the 
art of heating and ventilating. 
Thus our heated honses ventilate themselves not only through the 
,,"alls but also through the ground on "7 hich the house stantls. If 
there is any gas or other smelling Eubstance in the surrounding 
ground-:1Ïr, they \vill enter the current of this Yentil
tiol1. I ha ve 
,,'itllessed a case in ::\luuich, where not the least smell of gas could be 
detected in the street, but a great quantity of gas found itR ,,'ay into 
the ground-floor roon1 of a house ".l)ere 110 gas ".as laid on. In 
another case the gas al".ays penetrated into the best heated room 
and produced an illness of its jnmate
, which was taken for tYIJhoid 
fever. 
The movement of gas through the" ground into the house 1113Y gi,.e 
us warning that the ground-air is in continual intercourse "with onr 
houseR, and 111ay become the introducer of many kinds of ]odg('r
. 
These lodgers luay either be found out, or cause injury at once, like 
gas; or they may, ".itbout hetraying their presence in any "ray, be- 
come enemies, or associate themselves ,,'ith other injurious clements, 
and increase their activity. The evil resulting tMrefr
m continues 
till the store of these creatures of the ground-air is consum('d. Onr 
sense
 1nay remain una".are of noxious thing
, ".hich ,ye take in, in 
one shape or another, through air, ,vater, or fooa. 
"
or e took rather a short
sightecl vic',v aU the ,vllile, when ,ve be- 
Iie\.ed that the nuisances of our neighl)ors coula only l)oison the ,vater 
in onr pnmps; they can also poison the gronnd-air for liS, and IEee 
1110re danger in this, as air i
 more ulliyersally present, nnd 1nore 
movable, than water. I shonld feel quite satisfied if, by n1Y lectures, 
you were convinced of this ilnportant fact, if of none other. 
England lIas gh'eu proof ho,v the public health can be improved, 


. 
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hy keeping the soil clean' through good drainage, abolition of ce
-s- 
pools, and abundant ,vater-supply. It would carry 111e too far if I 
were to analyze no,v to ,,
hich of the:se measures the liOB'S part be- 
longs; I shoultl have to enter upon many controversies, \vhich I have 
no tin1e to fight out in this place; but this is my conviction, which I 
want to impress upon you, that cleanliness of the soil aud diminution 
of organic processes in the groünù of d welling-houses are 1110st eS- 
sen tial. 
)Iany have con:sidered these processes, anù their effects on the 
ground-air, to l)e a mere hypothesis. This yie,v lies no'v behind us, 
ana facts have been found proving their reality. Stimulated by the 
investigations of lIuxley and IIaeckel, further researches have followed, 
and sho,vn that not only at the greatest depth of the sea, but also in 
every porous soH, there are everywhere those beginnings of organic 
life, belonging neither to the animal nor vegetable kingdom, n1UCOUS 
fonnations, which are called l\loneras ana l:>rotistes. 'VhCIl I wrote 
my part of tIle report on the cholera in Bavaria, in 1854, I pointecl 
out alreadY that the air, not less than the ,yater' in the soil, ought to 
be drawn into the circle of experimental illYestigatioll
. K either 
others nor myself acted at oncc upon IllY suggestion, and it is only 
during the last eightcf'J1 1110nths that I have exan1ÏÙed the ground-air 
in the ruhhle-soil of l\lunich, regularly twice a 'week, for its -varying 
amount of carbonic acid. The results are surprising, and for the 
future I shall have to trouLlc others and nlyself, not only with ground- 
.water, l)ut also with ground-air. 
The place where the examination of the ground-air of 
lunich is 
being carried on is rubble, without any Yeg
tation, and the carbonic 
acid increases with the distance fronI the surface. Ao-ricultnral chenl- 
b 
istry has been aware, for a long time, that a clod of arable earth 
\vhich is rich in humus is a source of carbonic acid, but no one ex- 
})ected that, at times, so nluch carbonic acid shouhl be met ,vith in 
sterile lime-rubble. A few feet under t he surface there is already 
as llHlCh carbonic acid as in the ,yorst ventilated human d wellinO'- 
o 
places. 
I have found that the quantity of carbonic acid is smaller at fifty- 
eight inches than at one hundred and fifty-six inches throughout the 
year, the months of June ana July excepted, when an inverf:c propor- 
tion àrises. But then there heo-ins al
o , in the lo,,
er stratunl 3. con- 
ð , 
sillerablc increase, so th:ìt the upper stratulu soon finds itself behind 
again. This large qualltity of carbonic acid in t he ground-air of 

lul1ich has been far surpa

t'a in Dref'den. Ex:uninations have taken 
place in that town unàer the authority of the Central TIoanl of Public 
IIealth. Prof. Fleck's diary proyes that, at least at that spot where 
his exanlinations took place, the qU:1ntity of carbonic acitl ,vas in 
winter already nearly twice as great as in 1\1 uuich in the nlonth of 
i\ugnst. I nlight lJecome jealous of Dresden, but we must often, 
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in life, put up ,vith being left behind, although ,vo had the first 
start, and I have no ehoice left but to resign luyself. 
The presence of carbonic acid in the soil aiHl its periodical n10tion 
are fo1" the present a bare fact. Other places, with different soUs, 
Jllust be exan1Ïned under varying circlunstances, and for longer pe- 
riod
, before an explanation ('an be attenl}Jted. 
The first qne
tion which naturally Ineets us is Olat about tIle origin 
of this gas. It cannot spring fronl the humus of tbe surface, because 
at l\luuich ana Dresden its quautity is smallest in the iUlnlediate 
neighborbood of the surface, ,vhero tIle humus lies, and increa:ses in 
proportion to the distance thence. As tho 311lount of carbonic 
acid in the ground-air generally increases tIle nearer this is to the 
ground-"water, we should Le at first sigllt inclined to a
sume that it 
evaporates froln it. Is it }lOt a fact that the ground-water which 
feeds wells and sonrces contains tbis gas? And is it not well known 
that Ina,llV a well's shaft contains so luuch carbonic acid as to extin- 
01 
guish a burning candle at the distance of a fc\y feet only fronl its 
.opening? This as
nnnption, however, is not justified for several rea- 
sons, according to the researches and experiments maae at )lunich : 
1. There are two month
 in the year ,,,,hen the amount contained 
in the upper stratum, which is at the greatest distance fron1 tIle 
ground-wat
r, is larger than in the lower. 2. I have examined sinnd- 
taneously, at given placès, the anlount of the gas both ill the ground- 
water and in the ground-air, and have investigated ,\'llcther, ae-cord- 
ing to the laws of diffusion and absorption, either had a surplus of 
the gas, and "
as accordingly in "a condition to receive or yield sonle 
of it. In every case the amount of carbonic acid in the ground-air 
,vas larger by fifty per cent. than in the ground-water, so it is clear 
that it is the ,vater which receives its carbonic acid fronI-the air, and 
not vice Ve1"Sa. 
Hereby the question ahout the origin of the gas is certainly not yet 
ans'w
red, and would have been left equally unsettled if 'we had to 
ask, 'Y"hcnce comes all the carbonic acid which is found in the ground- 
"water? All this "yater is preci pitated fi'oln tIle atIl1osphere, from rajn 
or snow. III entering th(\ soil as mlìteoric ,vater its anloU11t of car- 
bonie acid is exceedingly small. By help of Bunsen 2 s an:1,lyticaI tabI('
 
it is easy to calculate, from the quantity of carbonic acid in the at- 
nlosphcre, and the ahsorLing power of water for this gas, tllRt ùne 
pint of rain-water at the average telnperat nre ana barollH:,trical pre
s- 
ure can only contaill a very small fraction of a grain of earbonic aeid, 
ana this has been proved further by analytical experience. nnt the anal- 
ysis of the PUlllp-water in 
Iunich. ,yhich was poorest in carbonic acid 

ho,,\:
d that it contained on an average It to 11
 grain of the free gas. 
The ground-water at the places of examination stands ahout siÀteen 
feet from tho surface. It is therefore evident that the meteoric water, 
which is the solo source of the groullÙ-\\'ater, must more than cC'ntuple 
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its orio'inal amount of carbonic acid before it reaches the "Tclls. Thus 
o 
much is certain, that the souree of the carbonic acid must be sought 
for in the soil, and for this reason the Iuore natural supposition i
, 
that the soil yields the gas and gives it to the water and to the air 
simultaneously, but naturally ,vith greater facility and in greater 
quantity to the air than to the water. The sources of the carbonic 
acid in the soil baye now to undergo a stricter investigation; the 
probability is, they owe their origin to organic processes in the soil. 
Allo,v 1l1e, no,v, a fe,v 1110re concluding and valedictory 'Yord
. 
In the introduction to my lectures I thought it incumbent upon 
nle to give you nlY vie,vs about popular lectures in general. Those 
,'iews necessarily excluded the possibility of disposing, in a fe,v hours, 
of anyone subject of hygiene in such a n1anller as to impart to nlY 
audience a thorough theoretical and practical knowledge. 1\ly hesita- 
tion in selection lasted sonle tinle. I might have collected and de- 
scribed the last works aud tendencies in the field of hygiene, pointing 
out ,vhat had practically succeeded, and what ought to be aimed at 
further-and there is a series of interesting points, and facts, forluing 
a most grateful subject for lecturing; or I might have attelnpted to 
give yon a survey, a kind of bird's-eye view of the whole domain of 
hygienic science. There is a charm, in the contemplation of a grand 
and beautiful distant landscape, in marking, first, the more interesting 
points; then to let the eye wander round thenl tin it comes to the next 
striking point, and to enjoy to the utmost the sight of the rich view. 
I Iuight, perhaps, have suC'ceeded in satisfying your expectations 
up to a certain point, but I thought it preferable to direct and to con- 
centrate your attention 111ainly upon one single object ,vhich is known 
to everyone, and ,vhich seems to be so thoroughly exan1Ïned that 
many believe that there is very little to say about it-the air, in its 
hygienic relations to Iuan's clothing, to his dwelling-place, ana to the 
soil on which he builds. 
It is such a natural error to imagine that ,ye cannot but understand 
eyerything with ,vhich we are in continual intercourse; but, if 'we 
take the trouble of looking a little more closely into eyerything of 
,vhich we make aaily use, we shaH soon make the hnn1iliating dis- 
covery that we arc acting preëminently according to instinct and tra- 
dition, and much less by personal understanding. Each periocl has its 
own task, to contribute and to .create Romething by ,vhich ci \"i1ization 
gains materially or idenJly. But if at anyone period ,ve exan1Ïne 
into the òaily life of its generation, Wf' shall find a great deal n10re 
. that is inllCrited than self-acquired. Tl1is fact ought to make us mod- 
est and zealoll
, but also just and thanKful to,yard our forcfathcrs, who 
did not possess or know many things ,vhich we possess ana kno,v no'r. 
As animals make use of N atnre and lier laws in a multifarious and 
surpri
in.!:rly appropriate manner, so docs man al
o. Each carrier on 
the road makes use of the laws of motion and îriction, and of those 
'VOL. XI.-19 
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of living force and its preservation, but he does so for the TIl0St part 
quite lllechanically, so that he appears to think no more about it than 
the beaver when he builds his hut. 1\Ian also does most things long 
before he understands theIn, and this is part of his nature. If he 
could make use of things only after having thoroughly investigated 
them, his life ,vouid be a poor one, and barely possible. If ,,?e had to 
study the functions of our clothing and its material before we could 
put it on, we should be frozen to death long before, and no carrier 
,vould have atten1pted to horse his cart before the time of Galileo and 

 ewton. 
IIere I find myself dra"wing a dangerous parallel. You may ask 
lue at once ,,,,hether I believe a carrier will be a better c
rrier for un- 
derstanding the laws of motion, and whether our clothiIlg and our 
dwellings will one day be superior to "That they are no",", because we 
shall then have learned to understand their functions better. I leave 
the answer to the future with the utmost confidence. The experience 
of the past sets me completely at ease. At all times and everywhere 
it has been the case that each progress in the recognition of laws, that 
each ne,v fact established, and each new method applied by science, 
each ne,v way on which science has directed us, has finally had its 
practical and useful consequences. Excuse me if I continue to dwell 
on this favorite subject of mine. 
What men call useful is quite a relative term; they call a thing so 
. as S0011 as they find out what use they can make of it. Of course, a 
thing must exist before ,ve recognize it, and we must beconle aware 
of certain of its properties and relations before ","e can make use of 
them for any practical pÙrpose. Certainly the recognition of the laws 
of Illotion by Galileo, I{epler, Newton, Laplace, and others, has not 
brought about a revolution, or made a sensation among the carriers, 
but from these recognized laws sprang and were evolved ne,v ideas, 
purified from the gross primitive slag, and they led on to the railway, 
etc. Other examples demonstrate still more clearly the connection 
bet,,"een theory and practice. 
Electric telegraphy, which is not only practical and uf'eful, but al- 
ready indispensahle to us, had its first origin in the observations of 
the anatomist Galvani, who saw the legs of frogs quiver wllen they 
came in contact with different metals. Imagine to your
elf gréat 
practical men of the time, ,vhether f'tatesme)l, or divines, or soldiers, 
or physician
, witnessing Gal vani's experiments going ón year after 
year; <;ertainly everyone. of them ,,
ould have thought that the man 
could apply himself to son1ething more usefu1. But from t1)at forn1 
of electricity ,vhich Galvani d('tected there sprung the researches and 
,yorks of VoIta, Sümrnering, Steinhei1, 1\lorse, and 'Yheatstone, to 
,vhom 'V(\ owe the ,,?11ole of onr tc1egraphic sy'stem. Place together 
in your mind the quivering leg of the frog and the transatlantic cahle. 
After the discovery of Colulnbns the Spaniards found in the sand 
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of a river grains of a ,vhite metal, which was not .affected by fire, and 
appeared, therefore, to be a noble metal. Quantities. ,vere brought to 
Europe, and the new metal received the modest name of jJlatina (lo,v 
silyer), this being a diminutive of la plata (silver). The lnasters of 
the :\Iint, the gold and silver smith
, had soon formed their ideas 
aùout the new metal; it could neither be IneHed by itself
 nor ham- 
mered, nor rolled, nor dissolved in aqua-fm'tis. It was only soluble 
in aquo-regia and other melted metals, but the combinations ,vere all 
brittle and discolored; in short, it caU1e'to be considered a perfectly 
useless metal, practically ,vorth less than lead and iron. Its importa- 
tion was prohibited by the Spanish Government, because there ,vas. 
danger of its high specific gravity leading to its use for the adul- 
teration of gold. What platina there was in the country already was 
thrown into the !Sea by ord.er. But Science, who makes no difference 
bet,veen the useful and useless, and con8iders everything useful ,vhich 
increases our insight into the things that are, has quietly held inter- 
course with the outcast Inetal; she learned ho,v to tame the shre,v, 
and since ,,-r ol1:1ston platina b considered to be one of the most pliable 
and useful of metals; just what were originally considered its vices 
hftye enhanced its value so much in the course of time that "
eight for 
weio"ht the" low silver" is P aid seven times as much for as the" hio-h 
o 0 
silver. " 
l\Iodern titnes have not ceased furnisl)ing numerous exanlples of 
the same kind, sho\ving that it is not the business of science to ask 
for the immediate profit, for the immediate practicål use, They do 
not fail to come forth in time. 
Science may point to the words of the Bible: "But seek ye first 
the kingdom of God and his righteousness, and an these things 81)a11 
be added unto you." All scienees are provinces of God's infinite 
kingdom, and in them, as everywhere in God's kingdom, Justice is 
dealt by Truth alone. This \\raS nlY standpoint, 'which helped me 
over the douhts I might have had concerning the 
dility of these 
lectures. It seemeù to me that the principal thing ","as not t'3 present 
to you a series of practical applications and contrivances, but a series 
of truths, w bich carry in thenlselves their use and applicability, and 
impose their authority in proportion as they are talked over n10re fre- 
quently, understood more clearly, and felt nlore vividly. 
nut I ,vanted to tell you the "'''hole truth about the things w'hich 
formeù the suhject of my lectures, and it became my duty to draw 
your attention not only to' ,vhat is positivply known, ,vhat is COIH- 
P lete, what requires no further investio-ation but also to I )oint out 
ð , 
to yon much greater fields of hygiene, where scarcely a seed has 
been sown. Otherwise I should probably have jeoparclizecl the only 
and in1nle{liate practical use' which nlY lectures can have here, and 
,vhich I l)e1ieve to he this: that t.he c"onviction may E,preac1 and take 
root every.where, that hygiene has been neglected until now, prac- 
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tically as ","ell as theoretically, and that this neglect is a dark :spot on 
our civilization, which has to be removed by this generatioIi This 
conviction begins just no,v to lay hold of ever-,videlling circles of 
society; and a certain sYlnpathy is stirring for the interests of }Jublic 
})calth, nlueh lllore than fonnerly. The weather seems suitable for 
ploughing fields .whi0h have reluained untouched, and for so.wing 
good seeds where a rank vegetation has bpcn growing. 
'Vhen a current, a general motion of nlcn's D1Ìnds, sets in toward 
some definite goal, then it becomes the duty of all those wl10 are 
their leaders to choose the })roper routes with earnestness and con- 
scientiousness. If a good intention in behalf of some object is 
wrongly directed, it soon turns against tbe object itself; all those 
"Tbo allowed themselves to beconle interested therein turn away 
. w 
dÜ;couraged as soon as they believe that their good intention has been 
wasted to DO purpose, and hence those un1imited reactions and re- 
bounds in l)uhlic opinion. I be1ieve that I am under a moral obliga- 
tion to speak out in this place. I do it here, perhaps, DI01"0 conti- 
'delltly than anywhere else, because I feel that here I am understood. 
I feel it, through the very fact that I have been requested to give 
Iny lectures before this audience. The request came to me fronl the 
COlnrnittee of the Albert Society, from its exa1ted Lady President. 
The existence of the Albert Society, its organization, its functions, 
its efficiency, and its autl10rity, are a1l1ple })roofs t]Ult the value of 
hygiene is understood here. 
In this place I 11lust also ackno,,
ledge that tbe Saxon Govern- 
Dlent was the first in Germany to estahli
h a Central Board of Public 
IIcalth; it has abo inch
c1ed the teaching of hygiene in the teaching 
of military medical science. Such arrangenlents appear to me to be 
types of the two directions ,vhich lllust no,v be taken and fol1o"reEl 
out: on the one hand, investigation, ohservation, and cxperinlent; 
on the other, systelnatic personal teaching. These are the only two 
,vays which lead to the goal. 
You have been enabled to see, from that single subject I h3,ye 
treated, ho"r much remains to be done and created; everything is 
still insufficient and incomplete, and 11as to be developed and deter- 
nlÏned. Think of the great chapters-air, clothing, c1w.eIling, YCI
- 
tilation, beating, lighting, huilding-places, and soil-their relation to 
air and water, and their influence on the course of disease; epidemics, 
and }H"otection against them; drinking-water, ana its distribution 
an)ong the population; alirnentatious and articles of food; tbe main- 
taining of different. classes of l11en und('r different circumstances; 
dietaries; public baths; gynlnastics; collection and rellloval of ex- 
crementitious matters and rf'fuse fron1 })ouscholds and trades; drain- 
age; disinfection; inspection of dead bodies and their interment; 
unhealthy trades ana manuf
ctories, schools, harracl
s, asylums, hos- 
pitals and :oursing, prisons, health statistics, etc. 
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There is not one among. these departments of hygiene in ,vhicb 
nothing is left to be done; in most of thenl the work has 
carcely 
begun. There has always 1)oen a desire for and an ailuing at health; 
hut ideas about it have changed completely. 'The fOrIller supports 
of hygiene have crumbled 
nvay in the powerful analytical solvents 
of lllodern physiology; very little has remained; every,vhore new 
foundations are necessary. This requires "yorkmen; the season ap- 
pears favorahle-do not let it pass unemployed. 
It is not sufficient to build up correctly a series of hygienic truths, 
"Thich might be the work of a fe,v; these truths Inust be brought to 
hear npon life, and this requires instrtunents. Three professions are 
in real life the natural tru
tees and representatiyes of the hygienic 
interests of the community-physicialls, architects, and engineers, 
and also the public achninistration. There must be harmonio,ns 
action between them;' good intentions are not sufficient; there mnst 
he knowledge and power. Only good rIlusiciaus can make good 
lllusic, and they must be ,veIl taught and practised. The institutions 
at which the nlembers of these professions }lave rcceiyed their educa- 
tion have all the while general1y ignored hygiene as an indepeIJc1ent 
In'anch of study. .A. vague supposition left it to the indi ,'iduals con- 
cerned to take the trouble of gathel:ing for themselves whateyer was 
kllo,vn or ,vould be made public about lllatters of hygiene. Lectures 
on forensic medicine ,vere supposed to be sufficient, but they have to 
consider facts and evidence only with regard to penal laws, ,vhich 
them
elves result froln the old and higbly-cnltivated science of juris- 
prudence. IIygienic la,vs must spring from hygienic science, and 
there was none. 

Iany of the existing hygienic laws and regulations cannot be 
kept np if exanlined by the light of hygienic science as it is nO"T. 
It is no good going on issuing public regulat ions, demonstrative of 
good intentions, for the public health; the right thing is to create 
a firm basis for practical purposes and public nleasnres. IIygiene 
lllust become an independent l)ranch of Rtndy, to be taught by special 
teachers at universities, medical and polytechnic schools, not without 
the help of proper laboratories. Systematic instruction nlust be 
offered to students and practitioners of 11lNlicine, to memh
rs of the 
civil or municipal service, to n,rchitects and engineers. Books and 
reading can as little occupy the place of personal teaching and ex- 
pel'illlental investigation as a 111edical hook in the library that of the 
physician, or a hand-book that of the l}ublic chair. The self-taught 
hygienist has frequently to look out for principles on which to act, 
,,;hile he is called upon to act at once, and rontine alone is a danger- 
ons and unreliahle assistant. There are exceptions-brilliant ones 
even-hut exceptions prove the rule. 
The increasing inten

t taken hv the intelliO"ent and wel1-nleaninO" 

 0 ð 
member!:; of society in nlatters of public health, ,vhich haye also an 
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intinlate connection with the puùlic purse, cannot fai] to assist the 
"Thole lnovement which is taking place in favor of hygienic science 
and its independent and ,veIl-endowed instruction. 
The whole movelnent is still going on, but not without resistance 
here and there. This resistance shields itself, sometimes, behind the 
pretext t.hat there are at present not enough "Toll-qualified teachers. 
Certainly the beginning has its difficulties, but everything must have 
its beginnings. This was the case with the first periodical in Ger- 
many for public hygiene, founded by Dr. Varrentra})p, ,yhich has 
achieved an entire success, in spite of all misgivings and discouraging 
vaticinations before it ,vas started. 'V orthy representa ivcs of the 
neglected science ,vill be found for teaching it, as soon as a serious 
demand lnanifests itself. A certain species of nlcdical men ,vill be 
quite nlade for it, after sonle preparation. Hygiene is, after al], 
nothing but applied physiology, ,vith particular reference to the phys- 
ical ,veIl-being of lnankind. According to my experience, men of 
science and physicians, ,vho are specially grounded in the practical 
and theoretical study of physiology, chemistry, and natural philoso- 
phy, are those who can most easily fit themselves for the special 
work of hygienic science. It is true, physiology includes the most 
essential points of hygiene, and .physiology is an application of nat- 
ural philosophy, chemistry, and anatolny. But as the votaries of the 
latter sciences have never done the ,vork of pure physiologists, so 
these ,vould never have done, and neyer will do, the .work of pnre 
hygienists. England has preceded other countries in the creation 
of professorships for hygiene. I confidently believe that the proper 
men, in sufficient number, ,viII also be met "Tith in Germany in a short 
time. 
Should my lectures in Dresden have had the effect, in sonle de- 
gree, of turning your hearts and - Jninds toward the nlost pressing 
tasks of hygiene, so that everyone of you may do his best for them 
in his own sphere, then I am sure I have done something practically 
useful, and have not spoken in vain. 


.... 


A BRIEF JllSTORlCAL SI{ETCII OF TIlE DISCOVERY 
OF TIlE CIRCULATION OF TIlE BLOOD. 


By GEORGE JACKSON FISHER, 
1. D. 


A 
IOXG the great discoveries which the genius nnd patient rc- 
search of man have developed, none lay us nncler more grateful 
ohligations, in view of its practi<,al value and adn1Îrable simplicity, 
than that of the circulation of the blood. llistorians record the rise, 
})rogress, and decline of nations, the discovery of new countries, and 
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the exploits of conquering heroes, and yet pass almost unnoticed the 
aehievements of nlCU of science. Fe,v personH are at all acquainted 
,\
ith the history of ,vhen and how, through a series of successive 
revelations, this truly ,yonderful function came to be thoroughly 
understood. It is a long and delightful story if followed through all 
its details, ,vhich I shall, howcver, endeavor to cut tshort iu relating 
it to persons outside of the mcdical profession. ,yo e are obliged to 
glance back through se,;eral centuries and lnake the acquaintance of 
nearly a score of anatomic-al celebrities; who have each contributed 
some observation or discovery leading to the final comprehension and 
cOIllplete interpretation of God's beautiful but simple method of cir- 
culating the vital fluid and keeping it ever replenished and pure. 
The pathway to the climax of this discovery was not only long 
but rugged, hedged in by deeply-rooted errors, and obscured by rank 
prejudices ancient and ,vide-spread. The errors must be destroyed, 
the clouds dispelled, parts carefully observed; tbe explorers must 
work slowly and cautiously, and what is discovered must be explained. 
Thus it callIe to pass that anatomists discoyered' one thing after an- 
other, and little ùy little tbe light of truth d:nvned upon their Ininds, 
\vherewith they saw and gave the world sensible ideas of the uses of 
parts, when eventually" the immortal IIarvey," the crowning light, 
the clear-headed philosopher, the Newton of physiology, dre,v the 
simple chart of the double circulation. This eyent took place t,,
o 
bunch'ed and fifty-seven years ago, for it ,vas in 1619 that Ilarvey 
completed the discovery. lIe made no haste to teLl the world what 
he had done, except ,vhat the individuals of his classes learned froln 
his lectures, for he taught his discoveries ten full years before he pn1)- 
lished his n10dest but ,vonderful little book" Concerning the l\Iotion 
of the I-Ieart and Blood in Living Creatures," printed in Latin at 
:Frankfort-on-the-l\Iain, in a thin quarto of only SeYellty-t,,
o pages, in 
the year of grace 1628. 
I propose to give a brief account of the antecedent errors and 
discoverie8 to the time of IIarvey-that of Erasistratus, wllo taught 
that the arteries were air-vessels; of G-alen, who denlonstrated that 
they are blood-vessels as ,veIl as the veins; of Vesa1ius, who convinced 
the world that Galen erred in declaring that holes existed in the par- 
tition Letween the t\VO sides of'the heart; of Scrvetus, Colnnlblls, and 
Cæsalpinus, .who, quite independently of each other, discovered the 
circulation through the lungs; of Fabricius, ,vho discovered the valves 
in the veins; of IIarvey, .who first cOInprehended the entire circula- 
tion; of .L\.seUius, who discovered the Iacteals; Pecquet, the receptacl
 
of th(' chyle; TIudbeck, the lYJnphatics of the liver; ana, lastly, of 
Thomas Bartholin, ,vho discovered the lynlphatics of the "Thole 
boùy. 
ERASISTRATUS (300-2GO D. c.), a Greek physician and anatomist, of 
Iu1is (the rnodern Zea), in tIle island of Ceos, "
as the grandson of the 
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illustrious Aristotle, being the son of one of his daughters. It is said 
that he .was so fond of anatomical pur8uits that he retired from his prac- 
tice in Alexandria, "There he had settled, the better to gratify bis taste. 
lIe wrote sevcral treatises which are lost, and all we possess of his 
"Titings are a few fragments preserved in the ,vorks of Galen. From 
these ,,"e learn that he gave n:.unes to the auricles of the heart. lIe 
declared that the veins only 'vere blood-vessels, and that tbe arterie
, 
as their name implies, were air-vessels. The sole purpose of breath- 
ing was to fill the arteries ,vith air; the air ùistended the artcries 
and made them beat, the air caused the !)u]se. The air, once in 
the left ventricle of the heart, became the vital spirits. 1'he office 
of the veins .was to convey blood to the extren1Ïties. "Then the 
veins carried blood only and the arteries were filled with vital spirits, 
then perfect health was maintained; but the entrance of blood into ' 
the arteries, which he admitted to sometimes occur, ,vas abnornlal 
and the source of disease-teyers ,,-ben it entered some noble part or 
into a great artery, and inflammations ,vhen it ,,"as found in the less 
noble parts or in the extrernities of the arteries. Thus it is seen that 
a stupendous error was established on a mighty authority. This error 
,vas destroyed by Galen four hundred years subsequently to tbe time 
of Erasistratus. 
CLAUDHIS GÅLE
 (A. D. 131), next to IIippocrates the most ce]e- 
brated physician the ,vorId ever produced, was born at Pergamus, in 
Asia 
Iinor, about the year of our Lord 131, and educated in anatomy 
and medicine at Alexandria, the!1 the most famous school in the .world. 
At the age of thirty-four he settled at Rome, where be distinguished 
}1imself as a skillful praçtitioner, and became tbe physician to the Em- 
peror ßlarcus Aurelius. The period of his death is not known, but it is 
stated that he was still living in the reign of Septimiu
 Severus. Galen 
'was a volun1Ïnous writer. A considerable nurnber of his ,,,orks are 
"lost, and yet eighty-t\
-o treatises, more or less conlplete, suryi\ye and 
are in print. The ,vriter of tJ1Ïs skf'tch ff'licit ates himself in the pos- 
session of a fine copy of the" Editio Princeps," in five ponderous folios, 
printed in Greek, by the celebrated Aldine press, at Venice, 1525. 
For a period of nearly fourteen centuries this vast lnass-nlore vo]u- 
minou
 than the entire Bible-was copied and rêcopied with the pens 
of scribes! "Tho can duly appreciate the value of the })ress? Galen 
proved that the arteries are blood-vessels, and thus destroyed the error 
of Erasistratu
. lIe said, when -an artery is opened, blood alone 
gushes out and no air. lIe tied an artery at two places a little distance 
apart, and on opening the vessel found it fined with blood only. The 
follo"Ters of Erasistratus ,vanted to know how the air from the lungs 
entered all parts of the body, to whom Galen replied that the air 
entered the lungs to cool the blood, after which it was expelled. 'Ihis 
theory was held so late as the last century, e\?en by the renowncd 
physiologist .L\lbrecht von IIalIer. Galen declared the pulse to be the 
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dilatation of the artery by the contraction of the heart, which is the 
truth. 
Galen also taught that there are t",.o kinds of Lloocl, the spiritual 
blood uf the arteries and left ventricle, and the venqus blood of the 
right side of the heart and veins, the red and the black blood. These 
were great strides in the right \:lÏrection, and yet this wonderful genius 
"
as the author of some grave errors. lIe belieyed it necessary that a 
certain portion of spirit should be mixed with the venous blood to 
render it fit for nutrition, and this he' conceived took place by the 
transmission of arterial blood through little holes in the yentricular 
septnm which he called "foramina." lIe taught that the arterial 
l)lood nourished orcrans of a lio-ht and delicate texture such as the 
o 0 
lungs, while the venous blood nourished tbe grosser organs, such as 
the liver. 
The early modern anatomists believed the septum ,vas perforated, 
and s:nv with the eyes of faith the" foramina" on account of their un- 
questioning confidence in the infallibility of Galen as an authority. 
::\Iondiaus, who flourished in the fourteenth century, the first auatoll1Ï- 
cal writer after Galen, said the septum ,vas perforated, and twenty 
others reiterated it. 
Berrenger de Carpi, ,vho ,vrote and published his anatolnical ,york 
in 1521, was the fir'st to waver, and say that the openings in the sep- 
tum were only to be seen with dijficulty, 
That I ruay pass no oue .who has been credited by any ,vriter .with 
even the least knowledge of the circulation, or who has eY
n hinted a 
better understanding of it than those already mentioned, I conle next 
in the order of time to NEMESIUS, who ,vas Bishop of Eluissa, a city 
of Phænicia, at the latter end of the fourth century. I-Ie was not 
properly a medical writer, though he wrote a treatise concerning the 
"Nature of :\Ian." The editor of the Oxford edition of this work 
(1 Ü 71) contends that N emesius understood and described the circula- 
tion of the hlood in plain terms; while Dr. Freind, in his" History of 
Physic," denies that he had anything lnore than a vague notion of this 
function. I copy the words of N elnesius as translated by Freind for 
the benefit of the curious: 
"The motion of the pulse takes its rise from the heart, and chiefly from the 
left ventricle of it; the artery is with great vehemence dilated find contracted, 
by a sort of constant harmony ånd order. While it is di1ated, it draws tl18 
thinner part of the hlood from the next veins, the exhalation or vapor of which 
blood i
 maùe the aliment for the vital spirit. But, while it is contracted, it ex- 
hales w hatever fum
s it has through t1le whole boùy, and by secret pas
;ages, 
. So that the heart throws out whatever is fuJiO'inous throuO'h th e mouth nnd the 
. þ , þ u 
nose by expiration," 


Thus it appears that :N en1esins had a little insio'ht of the cirf'ula- 
. 0 
t10n 1,500 years ago, yet so imperfect that ]Ie neither coulprehellded it 
himl;)elf lIor made it understood l)y any ,vho followed hilll. 
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.L\XDREAS V'ESALIU8, OF BRGSSELS.- The next great actor on the 
stage, COllles the renowned V e
alius, the Luther of anatomy, tbe bold 
and defiant reformer, who, by per
evering diligence aud pains-tak- 
ing obsei'vation, corrected the nun1el'ons errors of a11 his predecess- 
ors, and notably those of Galen. This wonderful youJ]g nlan, before 
he attained the age of thirty, published the most ext
nsive, accurate, 
and in every sense the most magnificent "work on }nnnan anatolny the 
"Torld e,'er sa,v; wealth was layished on its illustration and slunptu- 
ous publication. J an Stephan van Calcar, the favorite })upil and 
"Tonderful imitator of the world-renowned Titian (not Titian himself, 
as some have declared), was employed to design anatomicaJ figures, 
and the best engravers cut them in ,vood to adorn that massive and 
splendid old folio-that opus 1nagnurn, which ,,-as published in Basel, 
in the year 1543, three and a third centuries ago. 
It is the delight of the medical bibliomaniac to procure a good copy 
of this rare book. The writer of this essay sought vigilantly for a 
score of years, failing to secure it until quite recently, and then froIll 
the library of a deceased friend, who was an ardent lover of the 
nledical classics. He too had sought in vain for this book, and at last, 
after long rumnlaging the dusty and mouldy antiquarian book-stall
 
of InallY an ancient city in Europe, laid his hands u.pon a fine coVy of 
the" Corporis Humani Fabrica," which he eyer after regarded as the 
gem of his collection, as it certainly now is (almost sacred by melan- 
choly association) the greatest treasure of lny o'vn. I "Tish "Te had 
tÍ1ne to stop just here, that I might giye you a 8ketch of the life of 
Vesalius. JIenry l\Iorley, Professor of Englis11 Literature in the Uni- 
versity of London, has written a lively and lovely little biogra})llY 
of this great anatomist, w.bich is far Inore fascinating than any 1'0- 
Dlance. 
The great ,.... esalins, justly styled" the father of nlodei'n anatomy," 
subjected the septlun, between the right and left cavities of the heart, 
to a thorough scrutiny, and found that no holes existed in it, and then 
had the boldness to declare the truth in spite of the previously un- 
questioned authority of Galen, .whose writings were sacred in the esti- 
mation of all physicians. Th
nceforth anatomists ceased to believe 
and teach this great error ,vhich Vesalius dispelled and s
vept away, 
and thus it came to pass that the second great step was taken toward 
tbe discovery of the circulation of the blood. 
On the 27th day of October, in the year 1553, on a hill not 
far from the old S,viss city of Geneva, could be seen a motley 
gathering of anxious and excited n1en, women, and children, and 
among theln a goodly number of Jearncd doctors of divinity, chiefly 
Protestants, conspicuous an10J]g ,,'hom was J o]nl Cal\'Ì1), all a
sem- 

lcd to .witness a scene of extreme horror. There 
tood, lasl1ed to 
a post, a f'('holar past forty years of age, who in his tinle Jwd inl- 
bued hinlsclf in the learning of three professions -la"
, divinity, 
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and medicine. Of his attainments in jurisprudence I know nothing; 
of his anatomical and physiological knowledge I will say more 
anon, 1110rely premising that it ,vas truly marvelous and in advance 
of the times; in theology, accorcling to the opinion of Calvin and 
others, he ,vas a heretic, since he entertained antitrinitarian notions. 
lIe had written two books, the respective titles of which are, "De 
Trinitatis Errorihus" (1531) and" De Christianisnli Restitutio" (1533), 
,vhich latter he had the frankness to send to Calvin for corrections 
and suggestions. Calvin denounced it })romptly to Cardinal Tonron 
as heretical, whereupon the cardinal laughed heartily at one heretic 
accusinO' another. It has been said, and it is to be feared with too 
o 
HUlCh truth, that John Calvin was stirred not so much with holy zeàl 
or fanaticism as by hate, as he had received a letter from this medico- 
legal theologian, now tied to the stake, a waiting the horrid tort- 
ures, and death, by slow fires about to be kindled at his feet, which 
letter animarlverted, perhaps not very sweetly, upon the 
rrors and 
absurdities of Calvin's" Institutes." 'rhis letter, be it understood, was 
in reply to a viol
nt one which Calvin had ,vritten to this poor victÜn 
concerning his opinions. Time will not allo,v me to tell the whole 
story of how Calvin vindictively threatened hiln, and dre,v up thirty- 
eight articles of accusation against him, and how the poor, unfortunate 
HUHl fled and disguised himself, and was subsequently arrested and 
tried ùy a grave council of sixty, who, after deliberating three full 
days on his heresy and the degree of punishment to be inflicted, fixed 
upo.n a heavy fine, and death by slow, torturing fire8; and that all his 
nlanuscripts and copies of his works were to be burned with hilu and 
to furnish a part of the fuel with ,vhich to execute this fiendish sen- 
tence. Yet so it canle to pass that this unfortunate scholar expiated 
his crime of heterodoxy in this tragical manner, and so effectua]]y was 
the order for the burning of his works carried out, that only a single 
copy of one of his books is no\v belieyed to be in existence, and that 
is not a little scorched by fire. 
Yon may ,vonder ,vho this pOOl' victim was, and WIlY he is intro- 
duced here in a sketch of the history of the discoycry of the circula- 
tion of the blooc1
 
It ,vas 
IICHAEL SERVETUS, whose Spanish nanle was :\liguel Ser- 
vede, born in the year 1509, at Villanueva, in ..L\.ragon near Saragossa, 
in Spain. lIe ,vas educated, as before hinted, in three profession
, in 
jurisprudence and theology in the University of Toulouse, in medicine 
at Paris. lIe practised as a l)hysician, and ,vrote at least one medical 
treatise. lIe also wrote, most unfortunately, two theoloO'ical books one 
. 
 , 
an abstruse nlctaphysical work, already aBuded to, "The Rt-'stitntiou 
of Christianity," ,vhich, though it ended in his ruin, contained words 
and ideas which have immortalized his name. Of this ,vonderfnl book 
a copy exists in the Bihliothèquc lnipériale at Pal'is, of ,,,hich 
I. Flou- 
rens, Perpetual Secretary of the Academy of Sciences, proudly says, 
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" I 11ave seen, I have touched, the book of Servetus ! " lIe then O'oes 
o 
on to state that it is perhaps the only copy now in existence; that it 
belonged to l)olladon, one of the accusers raised up by the pitiless 
Calvin agåinst the unfortunate Sel'vetus; that this copy fornlerly 
belonged to the celebrated English physician Dr. }{ichal'd 
fead, and 
w"as afterlyard purchased by the Royal Library of France at a very 
high price. In it, says Flourens, Colladon has underscored the pab- 
sages upon which he accused Servetus; and that, finally, as a last 
lnal'k of undeniable authority, several pages of this unlucky volume 
are scorched and blackened by fire. It ,vas not saved froln the pile 
where author and 1\
ork were burned together until after the confla- 
. d 1 
gratIon ha cOilllnenced. 
In this rare book is contained the first account ever written of the 
pulmonary circulation. I will not stop to quote the éxact "yords as I 
have them in translation, but ,,
ill briefly state that, in plain and UI1- 
n1Îstakable language, he declares that all the blood is sent by the con- 
traction of the heart from the right ventricle through the l)ulmonary 
artery into the lungs, where it is changed from dark to red in color ùy 
the atmospheric air, and thence returned to the left side of the heart 
through the puhnonary veins-which is strictly trne. Servetus denied 
the old doctrine of Galen, that the li,?cr was the seat of sanguifica- 
tion, and declared it to be the lungs. 
Thnc;; it is see11 that, long before the day of IIarvey, there ,vas a 
man of genius occupied with this great 
uùject of the circulation of 
the blood, and that Ulan ,vas l\Iichael Ser\'etu
. 
I will a(ld but a word to this sketch, already too long, in explana- 
tion of the occurrence of these physiological considerations in a meta- 
physical treatise of this kind. Servetus was discussing the Scriptural 
ass
rtion that the soul is in the blood, that the soul is the blood 
itself; ana hcnce, as Flourens states the case,'" Since the Eonl is in 
the blood,' says Servetus, 'to kno,,, how the soul is formed it is 
necessary to kno,v ho,v the blood is formed; and, to learn this, ,ye 
must see how it moves. ' " 
But Scrvetus "Tas not equally clear in his views of the general or 
systemic circulation. "He speaks confidently of the nerves being 
continuations of the arteries, and describes, \vith grave precision, }10'V 
the air passes from the nose into the yentricles of the braiÌl, and h01V 
the clcyil takes the same route to lay siege to the sou!." 1 
REALDO COI,UMBUS (1544-'77).-This celebrated anatomist, one of 
t]le hpst of that illustrious line .which gave glory to thp nledical school 
of Pal1ua in the sixteenth century, was a nativ(' of the city of Cre- 
mona, ,vhich is about fifty nliIes froln l\Iilan, in Italy. lIe flourished 
about the year 1544, and was a pupil of tIle rcnowned v"'- l'saliu
. Co- 
lumbus mac1e several Ïtnpol'tant discoveries and improvcments in the 
knowledge of anato111Y. lIe r('
i
covcred the jJubnonary circulation 
1 " Blackwood's Edinhw.[Jll, Jlagazine, August, 1858, p. 1
1. 
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six years after Servetus's ill-fated book ,vas printed, and unquestiona- 
bly without any knowledge of what ,vas in it; for it does not appear 
that the discovery by Servetus ,vas kno\vn to the world, or produced 
any influence whatevcr upon any individual, owing, to the character 
of the ,york in ,vhich it appeared, aHd to its thorough destruction by 
fire. 
The description wh
ch Colun1 bus gives of the circulation of the 
blood through the lungs is very complete, clear, and concis
. "Be- 
tween the two ventriclcs is the septuill through ,vhich it is believed 
the blood passes fro III the right to the left; but this is a great n1Ïstake, 
for the blood is carried by the arterial vein into tbe lungs; thence it 
passes, with the air, by the venous artery, into the left ventricle of the 
heart, which no one has yet seen." 
His work, "De Re 
\.natomica," ,vas published in 1559. Columbus 
died in 1577. 
A
DREÅS CÆ3ÅLPI
LS (1519-1603).-This third aspirant for the 
glory of discovering the pulmonary circulation was born at Arezzo, 
thirty-eight n1Ïles from Florence, Italy, about the year 1519. lIe ,,
as 
an eminent philosopher, a celebrated botanist, and a distinguished 
physiologist. lIe "
as for many years a professor at Pisa, and subse- 
quently called to l
ome, where he also professed, and received the 
appointlnent of first physician to Pope Clement VIII. lIe spent the 
last years of his life in Rome, where he died February 23, 1603. 
. The great naturalist Linnæus styled Cæsalpinus tl1e first systematic 
,vriter on botany, and followed his clas
ification in many l)articulars, 
lunking it the basis of his own. The history of the physical sciences 
gives 1llore than one exanlple of the discovery of an important fact 
1)y two or nlore persons, in different places and at different dates, each 
w'ithout previous kno'wledge of ,vhat the other had observed. So do 
"re find it in this instance. Cmsalpinus rediscovered the puhl10nary 
circulation without kllo,ving that both Servetus and Cohunbus had 
each previously and independently discovered the san1e, for he no- 
where alludes to them; an(1 he was too noble and honorable a man to 
bedeck himself with glories not his own. 
l\Ioreover, this man was the first ,v})o ever employed the f(1licitous 
and exprcssi,'e words, " the circulation of the blood." 
"This circulation," said he, ".which carries the blood from the 
right heart through the lung- into the left, corresponds perfectly ,vith 
the disposition of the parts. For each ,'entricle has two vessels: one 
by which the blood arri,'cs, anù thp other by which it dcparts. The 
. yessel by which the blood arrives at the right ventricle is the vena 
Cal'r:l j that by which it leaves is the pul,no1lary artery. The vessels 
which pour the blood into the left ventricle are the jJubnonal'Y veins 
. 
the vessel ,vhich affords it exit is the aO'i'ta." 
No Illan can describe it Inore accurately. But Cæsalpinns did not 
stop here. lIe was tbe first and only one before IIarvey who gave the 



302 TI-IE POPULAR SOIE.l..YOE .J.1IO.J..VTHLl"'. 


world any idea of the circulation of the blood through the entire body. 
lIe pointed out the fan1Ïliar fact that the veins swell belo,v and not 
above the bandage tied around a limb, which demonstrated tbat veins 
r(1turn "the blood to the heart and not toward the external parts of the 
body. lIe al::;o says, "The blood conducted to the heart by the veins 
receives there its perfection, and, this perfection acquired, it is carried 
by the arteries to all parts of the body." 
Certainly no man can describe the general circulation more con- 
cisely or bettcr than this. 
Thus it appears in evidence that, over half a century before Har- 
vey's discovery, Andreas Cæsalpinus lifted the veil which concealed 
the lllystf'rics of Nature, sufficiently to obtain quite a clenr under- 
standing of both the lesser and the greater circulation of the blood. 
His countrymen are determined to proclainl his priority, and con- 
test the claims of Harvey for the right to w"car the laurels, as will 
appear from the following extract taken from a recent medical 
journal: l 
" A monument in honor of Andrea Cesalpino was unveiled in the University 
of Rome, October 30, 1876, with imposing ceremonies. The Italians claim 
for Cesalpino the merit of having discovered the circulation of the blood more 
than fifty years prior to Harvey's discovery. Dr. Giulio Ceradini, Professor of 
Physiology in the University of Genoa, seems to have been the orator of the 
day, and he recommends that over the entrance of tIle Pisa school, where Ce- 
salpino first taught his discovery, there be placed the following inscription: 
, Andrea Cesalpino, of Arezzo, Lecturer on Medicine in the University of Pisa, 
after the correction of Galen's errors as to the function of the liver and the 
veins, discovered the circulation of the blood through the whole body, which 
circulation he nlade manifest by vivisections after ligatures had been applied to 
the veins, and which in his" Quistioni Peripatetiche" and" Quistioni Mediche," 
published in 156!) or 1593, using the word" circulation" itself, lIe fully desc1'ibed. 
Ill-advised was the English lIan"ey, who; in 1G28, dared to arrogate to himself 
the discovery of this mighty truth.' " 


IIIERoYY
rus FABRICIUS AB AQUAPENDENTE (1537-1603).-Jerome 
FaLricins was very celchr:ttcd in his day. The republic of ,r enice 
settled upon hÍln a yearly stipend of a thousand crowns in gold, and 
honored him with a statue and a golden chain; but_his Ï1nmortal honor 
consists in }laving discovered the valves of the veins, the anatomical 
proof of the circulation, and in having been the teacher of Har\Tey. 
lIe discovered the valves of the _veins in 1574. lIe saw that they 
open to,vard the heart, and that the blood could only mO\Te in that 
direction, the re,,":erse of ,vhat takes place in the arteries, which have 
no valves. Fabricius sa,v the fact, but did not understand the proof 
it fnrnishprl that the blood moved in a continuous circuit. 
The 1\[arch and April nltmbers of the Anlerican reprint of the 
London Lancet, of 1877, ('
ntain two little articles, by Sampson 
. 1 
EW YORK MEDICAL JOURNAL, December, 1876, p. 667. 
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G3.lngee, entitled" IIarvey and Cæsalpinus: an IIistorical Fragment," 
from which I learn that Prof. Ercolani, of Bologna, has brought for- 
ward another claim tor the great honor of discoyering the circulation, 
ancl has urged with so nIuch erudition and persistence, on behalf of 
Carlo I
uilli, that, in '}JleJJlOrÙnn, a Inarble tablet at10rns one of the 
hans of that ancient seat of learning. It would appear that Senator 
ltnini's work, "Ã-\.naton1Ïa del Cavallo," published at Bologna, in 
quarto, 1598, and at 'T enice, in folio, 1599, had but a lin1Ïted cir- 
culation, and remained comparathrely' unknown. Dr. Gamgee says: 
"This 111arvelous passage, so far as I kno,v, never attracted attention 
until my friend Prof: Ercolani set it forth, ,yith justifiable national 
pride." I regret that Dr. Gamgee has not copied "this lllarvelous 
passage. " 
I ,vill pass Fra Paolo Sarpi, theologian aud anatomist, born at 
Veuice in 1552; and La Vasseur, a disciple of J anles Sylvius, the 
very worthy master of Vesalius, and in turn his fiercest adversary-to 
both of whom lIas been attributed the hOllOI' of having discovered 
the circulation of the blood. Their clain1s rest .on uncertain data, a 
critical exan1Ïnatioll of which would be out of place in an essay of so 
brief and popular a character as this; hence, having alluded to them, 
I ,,,"ill proceed to the ::;o-called "iUllllortal IIarvey," on whom all Eng- 
lish ,vriters bestow the glory of having first discovered tbe circulation, 
and first l}uhlish
d to the world the demonstrations of the great fact. 
'VILLIAj\I HARVEY (1578-1657).-1 will be brief in my sketch of the 
crowning hero of the story of the circulation of the blood. ,,-rilliam 
IIarvey was born of a highly-respectable I{entish family, Ã-\.pril 1, 
15';S-wanting oue y
ar of three centuries ago. Great men have 
chiefly come of superior ana noble-minded Il10thers. I cannot pass 
the qnaint and lovely l110ral portrait inscribed on the l110numental 
ta1,let, in Folkestoue Cburch, believed to have been ,vritten hy Dr. 
IIanrey hiIllself: 
. 


" .A. D. 160:>, Nov. 8th, dyed in ye 50th yeere of her age, Jo...\
, wife of THO. HARVEY. 
'[other of 7 Sones and 2 Daughters. 
A Godly harmless 'V oman: A chaste loveing 'Vife : 
A charitable quiet N eighbour: A co'fortable friendly ltlatron : 
A p'o\"ident diligent Huswyfe: 
\ careful te'der.heartcd Mother. 
Deere to her Husband: Re'.cren
ed of her Children: 
Beloved of her NeighhQurs: Elected of God. 
'Vhose f'oule Rest in Heaven: her nody in this Grave: 
To IIèr a Happy Ad,"antage: to Hers an Unhappy Loss." 


This lnan, so noted in physiological scicnce as to be generally 
. 
roken of as the illlmortal or the divine IIarvey, ocC'npiecl in his time 
Inany po
itions of trust and honor, lIe was pllysieian to St. Rarthol- 
Olnew's IIospital, London; Professor of .AnatonlY to the CollC'gC' of 
Ph:rsician
; one of the physicians of J(ing J anICS I., ana subsequently 
physician in ordinary to "the most illustrious and indomita11e PrincC' 
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Charles I., I\::ing of Great Britain, France, anel Ireland, Defender 
of the Faith." lIe \vas with this king at the ba.ttle of Edgehill. 
J\Iuch of ,his time ,vas occupied in attendance at the royal court, and 
yet he found opportunity to follow the bent of his genius in anaton1Ï- 
cal and physiological researches. 
Being wealthy, he remember
c1 the necessities of his prof(\ssion, and 
nlullificently bestowed money in the erection of a fine edifice for the 
Col1ege of Physicians, enriched it ,,
ith a fine pathological nlUSetUn and 
library, and endowed it with funds, wherewith, as a })art of the 
besto,vment, an annual oration is delivered for the advancement of 
nledical science. J 
But to return to the subject under consideration: methinks I Ileal' 
you ask, after the foregoing recital of wbat so nla11Y observers have 
discovered, "'''''hat remained for this great Juan Harvey to discover 
or eXplain?" 
Dr. Rolleston 1 åns-\vers: "K othing less t}lan tIle circulation itself. 
IIis predcct>ssors had but impinged, and that by guess-work, upon dif- 
ferent segn1ents of the circle, and then gone off at a tangent into outer 
darkness, while he worked, and proved, and demonstrated, round its 
entire periphery." 
True, as Flout.ens sitys, 'when IIarvey appeared, everything relatiye 
to the circulation of the blood had been indicated or E'uspected; noth- 
ing had been establislwd. Seryetus knew nothing of the general cir- 
culation; Colurubus adhered to the Galenic error of the origin of the 
veins in the liver; Cæ
alpinus, ,

ho perceived the two circulations, 
anù caine so near to comprehending then1, still held be1i('f in the error 
of perforations in the ventricular septun1; and, lastly, Fabricius-"Tho, 
by-tIle-way, 'was not tbe yery first to discover valves in tIle blood- 
vessels, but who discovered nlore of them than any other ob
erver, 
and wrote more ana better than any of his predecessors-Fabricius, I 
say, diel not understand the use of the valves, supposing 'them to be 
for the purpose of strengtlwning the veins and checking the too rapid 
flux of blood through them. 
The nledical historian Sprengel has cunningly remarked tllat 
nothing explains IIarvey Letter than" his education at Padua," under 
the teachings of Fabricius. 
If it wa:,; a piece of good fortune for IIarvey to enjoy the tea('l1Ìngs 
of Fabricius, it was a h:-ippy thing, and a thrice fortunate thing, for 
the "Torld, that the stuely of the circulation s110uld bave falh'n into 
the hands of a n1an so well fitted to inyestiga.te it and to elaborate the 
true theory of tIle motion of the heart and bJoocl. 
Defore.llar\Tey, it was not ]
nown that the heart is the nlotive 
power-it was pres111ned to be t lIe lungs; he it wns who d('monstrnted 
every step in tIle progress of the blood in its dou1)le circuit, stilled 
all clamor of c1i
putants, and convineed the ,vorld that he ,vas rigIlt. 
1 " Harveian Oration" for 1873. 
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J..
et every n1::tll \vho has in any manner contributed to the final 
discovery have his just proportion of credit for what he has done, but 
let no Illall try to rob IIarvey of the glory, \vhich is rightfully his, of 
having perfected our knowledge of this \vonderful fUll:ction, modestly, 
lucidly, and ,vith great forbearance and dignity, in view of the unkind 
opposition and even vindictive hatred which his teachings engendered. 
John Åubrey/ who ,vas at IIarvey's funeral, and" helpt to carry 
him into the vault," teIis 
s he had heard hinl (IIarvey) say" that 
after his booke of the circulation of the blood came out, he fell mightily 
in his practice; 'twas believed by the vulgar that he ,vas crack- 
brained, and all the physitians were against his opinion and envyed 
him." 
I cannot follow the history of the opponents to IIarvey's ne\v 
doctrines. I will nlention a fe,v of the most potent, beginning ,vith 
Prilnrose, of Scotland; Parisanl1s, of Venice; Caspar Hoffmann, the 
learned and laborious professor of N ureillberg; J oannes V es1ingiu
, 
professor at Padrra; and end with Riolanus and Guy Patin, of Paris. 
Neither 'will tÏJne pel'll1Ït me to more than mention a fe,v of the 
po\verful defenders and promulgators of this new doctrine, as it ,vas 
always called, among whom were Roger Drake, his own countryman; 
"..,. erneI' Rolfink, professor at J ena; Renatus Descartes; Sir George 
Ent, his biographer; and Peter Dionis, who taught it in the Jardin 
du Roi by order of Louis XIV.-all praise be to this I{:Ïng of France. 
Dionis says, "I ,vas chosen to demonstrate in your royal garden 
the circulation of the blood and the new discoveries, and I acquitted 
myself of this duty with all the ardor and the exactitude which the 
orders of your majestie deserve." 
All this looks as if the predecessors of IIarvey had failed to dis- 
cover or to teach the true motion of the heart and blood. It was 
t,venty-three years after Harve'y's publication that Italy, which no"
 
clairns the entire credit of the discovery, admitted tIJe truth of the 
new doctrine; and about the same time John Pecquet, of Dieppe, and 
Thomas Bartholin, the Dane, gave in their adhesion to the new doc- 
trine, and spread it far and near in their ,vriting
. The victory was 
complete when PleIn pius, of Louvain, who had fought Descartes so 
valiantly, made the following rctraction: 
"This discovery did not please .me at all at fir:;;t, as I public1y testified both 
by word of mouth and in my writings; but, by-and-by, when I gave myself up 
with firmer purpose to refute and expose it, lo! I refute and expose myself, so 
. convincing, not to say merely persuasive, are the arguments of the author; I 

xamine the whole thing anew and with greater care, and, having at length 
made the dissection of a few live dogs, I finù that all his statements are most 
true." 


IIarvey knew nothing of the capillary v
ssels; these were demon- 


1 Aubrey, " Lives of Eminent Persons," 8'.0, London, 1813. 
VOL. XI.-20 
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strated Ly l\Iarcellus l\Ialpighius, who ,vas 1>Ofll the very year that 
IIarvey's work was published, 1628. 
. I will conclude Iny long story by merely mentioning the discov- 
eries of the lacteals, the receptacle of the chyle, and the lymphatics. 
Harvey discovered the circulation in 1619, and l)ublished it in 1628. 
.....t\selli discovered the lacteals in 1622; Pecquet the receptacle of the 
chyle in 1648; Rudheck and Thomas Bartholin the Iynlplu.ttics he- 
t"
een 1650 and 1652. This was a glorious period indeed! 
Thus it came to l)ass that the united labors of aU these "worthy 
luen-and labors they "'ere, and worthy men ".ere they-resulted in 
giving the world a simple, clear, and satisfactory solution of the 
lllanl1er of the circulation of the nutrient fluids of the body. 
Next all-fools-day,yill be the tercentenary of Harvey, when all 
Christendom ought to be interested in the justice of his clain1s to the 
glory of consummating a discovery of so much consequence to Ulan- 
kind. No mere national pride should bias the minds of men ,vhereby 
memorials may be placed at Rome, Pisa, and Bologna, in rivalry with 
that \\Thich is to be erected at Folkestone, in England, to commem- 
orate the time 
nd place of Harvey's birth. 


... 


OVER-CONsu
rPTION OR OVER-PRODUCTION 
 


By 0, B. BUNCE. 


W IlY does the prevailing business depression continue? Why 
are the times so " hard?" 'Vhy is the long-hoped-for reviyal 
of trade so backward? 'Vhat is it that has put the times so disas- 
trously out of joint? 
Everyone is asláng these questions, anel nearly everyone is ready 
with an ans,ver. Sonle will declare tbat the trouble is all of the green- 
backs; otl1ers will go so far as to affirm that tbe lack of greenbacks is 
the cause. Almost everyone will assert that over-speculation has 
something to do with it; some will attribute the- 'whole mischief to 
the intense railway" craze" of a few years ago, and the consequent 
losses. Not a few are confident that extrayagance and over-trading 
are the explanation. There seems to be no general agreement of 
opinion; even men of equal business know ledge and experience dif. 
fer essentially in their vie"
s as to the genesis and remedy of the 
evil, and the professors of political science are 
carcely nearer of 
accord. 
There has recently COlne from an eminent English authority in 
political economy an authoritative declaration in the matter. No one 
will deny that Prof. Bonamy Price's essay denonlinated "One per 
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Cent
" 1 is eminently readable; the professor knows ho,v to give lit- 
erar y crrace and vivid interest to a theme commonly considered 
:-:> 
" dry;" it is furth(>r true that anything he may utter on the topic is 
entitled to great respect and consideration. At the same tilDe there 
is no reputation 
o exalted that th
 assertions and arguments mado 
public under its sanction should not be and may not be examined and 
tested. N ow, to our mind Prof. Price is often logically wrong in bis 
essay referred to; we can but think that nlany of the reasons he as- 
signs for the great business depression-,vhich now prevails in Anler- 
ica, England, and Gernlany-are fallacious and misleading, and, ,vith 
all modesty, it is our present purpose to give the reasons ,vhy. 
The title of" One per Cent." is given to Prof. Pricc's article be- 
cause onc per cent. has been for son1' time the ruling rate of discount 
in the London llloney-market (just as from t,vo to three per cent. has 
been for tnany tnonths the quotation for call loans in 'Vall Street), 
funds in the hands of bankers being in excess of the needs of borrow- 
ers and traders. Trade is curtailed, production restricted, stagnation 
is evident in e'"ery branch of industry, and this' general paralysis 
causes in the financial centres such a flo,y of money that it is offered 
to loan at an almost nominal di
count. 
The cause of this wide-spread depression, according to Prof. Price, 
is one, nnd one only-" over-spending, over-consnn1Ìng, destroying 
nlore wealth than is produced. This," he says," is the real fons 
'Jnali, the root of all the disorder and the suffering, the creator of the 
inevit
ble sequence of cause aud effect. l\len bave acted as a man 
,vho farmed his OWIl land and had consumed not only the portion of 
the crops w'hich ,vere his true income . . . but had himself and his 
dependents devoureà a portion of the seed-corn and the breeding- 
stock, had exchanged a portion of t.he produce ,vhich was required 
for wages in the coming year for foreign luxuries, or had consumed 
these necessary reser\yes on an excess of drainage, ho"Tever valuable 
in itself and ultimately enriching." 
This is the core of Prof. Price's argument. The prostration of 
trade has arisen from extravagance, he repeatedly declares. " The 
comnlercial depression, so long, so monotonous, so heavy, and so clull, 
came from the excessive consumption of English capital in unwar- 
ranted constructions beyond savings, and nnwarrnnted expenditure in 
living by all classes, which destroyed wealth without repairing it 
with new productions." 
But elsewhere he says :" Up to the extent of the savings of tne 
nation, expenditure on railways can do no economical or financial 
harm; and these invaluable developers of wealth Dlay on such a basis 
be rationally acquired for the public good. Any outlay made out of 
savings, be what it may, is innocent of n1ischief; it may do no good, 
I Oontcmpora1 0 Y Rf'vicw, London, and reprinted here in' THE POPGLAR SCIE
CE MONTH- 
LY SUPPLEME
T, :Ko. 1. 
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but it does not inlLJoverish. But what are savings? The surplus of 
wealth 11laÙe over .wealth consumeù. If it is turned into capital and 
applied to increased production, the nation 'becomes richer; if it is 
expended OIl any luxury or any folly, the nation is 'where it is." These 
ùeclarations no one, we imagine, will dispute. 
But Prof. Price, in attributing business stagnation to extraya- 
gance, to "over-spending and over-consuming," aSSUlnes the "\v hole 
question. lIe produces no evidence ,vhatever in sUPIJort of the attes- 
tation. lIe does not sbo,v that consumption and expenditure have 
exceeded production; he declares that capital has been impaired, but 
gives no facts nor tigures ill support of the affirmation. The whole 
ground,vork of his theory is boldly and flatly assluned, without tbe 
slightest regarll whether there i evidence to support it or not. It is 
grossly illogical to assume that there is o,-er-spending simply because 
to casual observation there is high and extravagant living. A class 
luay be extravagant; a group of people may be Ì1npairing their 
capital; but ,vhere are the figures to show that the English people as 
a whole have been indulging in undue excesses, have reduced the sum 
of their savings, "by which th(\ nleans of producing are diIninished ?" 
There is absolutely nothing whatever upon which to base these as- 
sumptions! Prof. Price tells us in another })lace that" her (England's) 
producing power, her fixed capital, her Inachinery, renlain unchanged," 
and that" she is compelled to shut up many of her factories, to dis- 
llliss or put on half-time immense numbers of her working-people, 
because there ar'e fewer buyers of the articles they manufacture." 
This, he declares, is the very pInch of the matter. Indisputably it is, 
but whether 'fewer buyers is the consequence of over-consumption or 
of some other cause is also the pinch of the philosophy of the matter 
-and this let us ascertain, if it is possible to do so. 
llow is it, if the savings of a country have been really iInpaired, 
that capital at the same moment should he seeking investment at any 
rate of interest it can command-that all the financial centres are 
choked ,vith an excess of money, for which it is in1possible to find 
borrowers? Assuredly, loans at a hnv rate of interest in1ply an excess 
of capital over the needs of trade or })roduction; it sho'ws that busi- 
ness operations are restricted, for whatever reason, an,d have relea
ed 
capital from its ordinary uses to such an extent that it accumulates 
in trade-centres, seeking for borrowers that do not come. It can 
make no diftèrence whether we call money capital or not; it cannot 
affect the heart of the qüestion what it is that is offered at one per 
cent.-gold, notes, assets of any kind-whatever money n1ay really 
be, it would seem clear that, if over-consun1ption had impaired the 
eapital of the country, those individuals ,vho could come into the 
field as lenders "Toulc1 be enaùled to dictate terms to the needy bor- 
ro,vers. Over-consumption mean
 a destruction of food, clothing, 
coåls, metals, ctc., to an extent that impairs the reserves of these 
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proílucts; but it must be a tnarvelously extensive over-consumption 
that impairs the means for restoring them-that renders it impossible 
for fixed capital-Iuachinery, furnaces, shafts-to be set in productive 
operation. 
Can Prof. Price give an instance where any civilized nation, unless 
at ,val', 01. suftèrinO' from some great calamity, has impaired its capi- 
ö . 
tal by over-consuI11ption? Can he name a period when, at the end of 
any year, with the exceptions nlentioned, England has possessed less 
,vealth than at the beginning of that year? vYhen, in modern times, 
have a 11eople itnpaired their capital by over-consumption? 'Vhen 
and ,yhere has extravagance brought a community to ruin? 'Vb ere 
are the instances? 'Vhat are the occasions? 'Vho can produce the 
statistics that will establish this theory? Not but what there may be, 
and often are, hurtful extravagance and speculative excesses; but these 
al:e usually special to a class. The great body of a people are rarely 
consumers to the extent they are producers; quietly, in a Inillion of 
,n1Ïnor ways, the wealth of a country increases even in times of de- 
pression. 'Ve find current in the journals a paragraph which affirnls 
that last year the valuation of property in England,. exclusive of I.Jon- 
don, increased $14-,335,000-too little, no doubt, but sonlething differ- 
ent from the clestruction of more wealth than is produced. Very 
rarely, indeed, if ever, has the capital of a. country in normal periods 
of peace been really impaired, however much distress an imperfect 
distribution of labor and of profits may have caused. 
Let us say here that the ordinary idea of national extravagance- 
meaning excessive expenditure by the people, and not governnlental 
expenses-is peculiarly erroneous; an assertion "Te confidently nU1ke, 
notwithstanding the fact that Prof. Price accepts the usual theory. 
He declares that "a nation is only an aggregate of individuals," that 
" analysis ,vill always resolve the action of the single man, and the 
combined coöperation of a host, etc., into the same constituent parts;" 
that is to say, over-spending and over-consumption are of the sam{\ 
nature, whether exliibited by an individual or a community. 
Now, ,ve think it can be sho,vn that expenditure in the case of an 
individual and expenditure in ease of a large group of individuals 
have certain very essential differences. 'Yben a community ex- 
changes its goods for foreign luxuries to an extent to impair its pro- . 
dnctive capital, or has inveRtec1 in railways or similar enterprises so 
as to reduce its working capital, it is in the position of an individual 

vho has lived beyona his income. But the difference between an in- 
dividual ancl a comnlunity is, that the income of the former is abso- 
lutely fixed, that of the other is wholly expansive. In truth, in an 
immense nUlnbcr of things, a ('onln
'llnity is 'rich because it consunws, 
abundance being the product and consequence of extensive destruction. 
It is evident that the immense consumption of coal lIas made 
coal cheap and abundant. It has rendered possible the employment 
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of vast c:lI)ital in the erection of costly nlacbiner)? for the working of 
the mines, for the construction of adequate meaus of transportation, 
thereby'nlakillg remote deposits acces
ible, and EllablilJg capitalists 
to work the n1Ïnes at the minimum of cost, ,vhich never wou]d lI:1Ve 
been done had not the vast consulnption of coal rendered it wise and 
)Jracticable to do so. It is true the conSUlllI)tion of coal is increased l)y 
cheapness; but it is only by extravagance, so to speak, l)y free anù 
extensive use of coal, that the machinery by ,vhich it is Illade cbeap is 
put in operation. "\Ve have an immense wealth of coal because ,vo 
consume coal so extenRively; if 'we usel1 but little ,ve slouId }lave 
little, and this little would be dear. 
This rule works in all or nearly all our staples. Cotton fabrics 
are a marvel of cheapness and abundance. The consun1ption and 
the possibilities of extended consumption }lave stimulated invention 
and industry so greatly that the 'world has become wealthy in its 
supply of this staple alone. Rarely, indeed, is there a woman so 
poor that she cannot own a calico gown; fe,vare the men so destitute 
as to be without cotton shirts. "T e have this stal)le in aln10st un. 
limited abundance, as the direct result of tIle most extcnded con- 
sumption. It is tbe same thing with wool, .with flax, ,vith paper, 
,vith iron, with brick, ,vi-th many other things. 
So peculiarly different is the operation of expenditure with a com- 
munity from that of an individual, that it is worth while to trace it 
still further. Let us suppose a to'wn about to erect a grand cathedral, 
or some other public structure that requires a "ery large quantity of 
stone. At first flush it \vollld seeln as if a great deal of yaluab]e 
material would be used in a purpose unnecessary and unproductive; 
but, as a practical fact, the building-material is likely to become more 
abundant and cheaper than it ever was before. Tbe unusual1y large 
consumption of stone ,vould lead either to tbe opening of new quar- 
ries or the erection of improved machinery for working the stone, and 
to the construction of railways, boats, etc., for facilitating its transpor- 
tation; so that stone for building purposes ,vould thereafter be 
cheaper and more abundant as the consequence of what at first sight- 
appeared a wasteful consumption. In all staple things, at least, a 
nation is richer because it conSHlncs, while a man is richer by what 
he sayes. 'Ve are better housed, better fed, better clothed, ,ve have 
a thousand things of taste and p]easure
 because our eager and de- 
,ouring appetites have stimulated energy, skin, invention, to their 
utmost to cater for us. 
'Ve say nothing as to which is the wisest direction for consunlption 
to take, with all it stinlulating po.wer; we do not òeny tl}at consump. 
tion may make champagne, dian10nds, sil1<s, broadcloth, fine furniture 
abundant, at the cost of more useful and desirable things. The thing 
is simply that the energy, the zeal, the exertion of men are so expan- 
sive, that great demand compels to great production; and, of course, 
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we understand the economic principle that there can be no production 
without capital; that if the working reserves of a cOlnlllunity are 
realJy impaireù, the productive force is also straitened. 
It will be said that consumption is rather the produet tl}an the 
('ause of aùunt1ance. Undoubtedly, u
e is greatly increased by abun- 
dance; there is, in fact, action and reaction, the one stimulating the 
other. It will also be adhered to by some that capital is tbe sole 
source of production. Assuredly capital is not fixed in activity, nor 
are hlunan energies rigidly limited; and as the resources of Nature 
are fairly boundless, wealth is wrought out of her bowels in our mines, 
and extracted from her chelllistry in our fields, to an extent immensely 
determined by the demands of consumers. In the old fable of the 
purse of FOl'tunatus a gold piece appeared as rapidly as tbe contents 
were withdrawn; in the new purse of Fortunatus, cal]ed production, 
t,vo or more pieces appear as rapillly as one is withdrawn; but ,ve 
must not lose the purse, ,vhich let us consider as capital. 
There is something more to be said about ,national extravagance. 
What is it that railways, and bridges, and canals, and fine buildings, 
cost ? We hear continually the 1110ney-price mentioned. This is most 
nlisleading. The price paid is sinlply a sum of lnoney that has changecl 
hands; it represents the cost of the structures to those who built 
them, but not the cost to the comluunity. 'Vhat is this cost? "That 
does a church or a raihvay cost the people as a ,vhole ? Son1e have 
paid ,vages, and sonle have received ,vages. This is only diffusion. 
SOllie llloney has gone for stone, iron, and tinlber, but this is only dif- 
fusion. The comulunity is less this iron, Htone, and tilnber,t but we 
have already seen that, as the production of this material is unliInited, 
no practical loss is inflicted here. It is asserted by all economists 
that food aud clothing for the laborers are part of the cost. But the 
lahorers would have been fed in any case, although they might bave 
held on to their old clothes longer, had not the wage-fund been dis- 
tributed anlong them. N O'Y, to our n1Ïncl, the real cost of this church 
or railway is the cost of the enprgy that might have been more profit- 
ably employed elsewhere. If an the productive industries are in full 
operation; if it is released labor, and the material is not required for 
nlore necessary pnrposes, then it callnot be shown that the church and 
railway have impaired the wealth of the conlmunity at all-that is, it 
cannot be shown that they have fundanlentally cost the cOlnmunity 
anything. They were. erected by released energies, by Jabor not 
otherwise requil
ed, and the community is not the poorer by a mite in 
consequence of their construction. A church may be a very ex- 
travagant undertaking for those ,vho pay the Dloney-price for it; the 


1 An exception must be made with timber. 'Ye are, in America, encroaching upon 
the forests, and hence consumption is now making this staple dearer; but, when all our 
hill-sides are covered with planted forests, tbe non11al rule will operate in this product as 
in others. 
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railway may be a foolish and unremunerative enterprise; but this has 
to do 'with the illdi\Oiduals concerned; the community, in the supposi- 
titious cases we have luade, ndght, let us suppose, have been better oft" 
had the expenditures of tbose individuals taken SOlue other form, if 
the 111aterial and the labor bad gone into sonlething productive (let us 
believe there are oth
r good things in the world than econolnic pro- 
duction); but no injury, no loss, no diminution of wealth has oc- 
curred-and this is the main thing. A passage quoted from Prof. 
Price in the earlier part of our article affirm s this
 
'Ve hear a great deal about the railroad "craze" of a few years 
ago, and of the immense sums sunk in those foolish and extravagant 
Yelltures. But the sums of nlone)" comnlon]y nlcntioned are lliislead- 
iug. As "re have fully explained, the money simply changed hands; 
what ,"vas really lost by those enterprises ,vas dIe goods and bullion 
exported to pay for the iron purchased abroad, and the food and 
clothing consumed by the laborers, oycr and above ,vhat their con- 
sumption ,vollld otherwise have been; in addition to "Thich is the loss 
of the misdirected encrgy. This was all very large, no doubt; but far 
from being ,vhat the figures commonly quoted represent it to be. 
There is, llloreover, no evidence that this loss ,vas anything more than 
a part of our surplus; the assumption that it impaired our capital, 
and depleted our productive resources, is wholly groundless. K 0 
one can say, ,ve imagine, that capital ,vas .withdra,vn from any other 
pursuit; that !)roductive industry in any direction ,vas ,veakened by a 
secession of its resources by this." craze." The nation 'was much in 
the position of a luerchant who bas many ventures abroad, sonle of 
"Thich have proved disastrous. IIis profits are reduced, but his ability 
to keep his numerous ships afloat is not impaired. Even had the rail- 
road investlnents partially reduced our capital, it is really monstrous 
to assume that we could not have recovered from tbe blow in much 
less than four years of tÏIue. 'Vhatevër the cause of the business 
prostration may be, it evidently is something that lies deep, some- 
thing far 1110re serious than the .loss of a part of our wealth. A mer- 
chant 'who loses all his profits is still enabled to go on; a merchant 
who loses even half of his capital is still enabled tQ go on: how is it, 
then, that the community is so nearly at a standstill because a por- 
tion of its snrplus ".as lost? Distinct]:r the railway over-specula- 
tion, hurtful as it 'was, cannot aCcouJ1t for the IJaralysis in industry 
whieh no,v, four years afterward, so generally exists. 
Not a few people are convinced that paper-money is the cause of 
the difficulty. "Only return to specie payments," they say, "and all will 
be right." All the inflation and unhealthful stimulation caused by the 
greenbacks ha.s ceased to be. It was }Jredicted that a reaction nlllst 
come upon the return to specie paYlnents. It has come long before. 
It has COD1e without contraction of the currency, the voluJue of which 
has ceased to exercise that hurtful influence that "'as supposed to 
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be inseparable from it. It may be asked, 111oreover, if the currency 
is the cause of our suffering here, how is it that a sin1Ïlar condition 
of business affairs exists in England, where the currency has relnained 
unchanged? There is no doubt in the worlù that an inflated currency 
does have a hot-house effect upon trade and production, and, as with 
all forced things, a corresponding reaction follows; but it is lrbolly 
inadequate to account for the present difficulty, although it has doubt- 
l
ss contributed toward it. 
'Vhat, then, is the real cause of the evil? In endeavoring to 
answer this question, we shall probably startle not a fe,v well-estab- 
lished convictions; but ,ve bespeak a fair and patient hearing. 
Almost any practical man of business, upon being asked what the 
trouble is, would attribute it to over-production. To this the econo- 
mist promptly exclaims that there can be no such thing. ""rhat," he 
,vould say," over-production! too much ,vealth! an excess of pros- 
perity! The thing is impossible. No people ever yet was made poor 
by an excess of .wealth, by a superfluity of go
ds." This seems very 
plausible; but, if the econolnist is pressed, he will admit that there 
may be, and often iA, over-production in certain things-that more 
may be produced of special articles than there are goods of other 
kinds to exchange for them-but general over-productioI1 is, he will 
reaffirm, impossible. Inasmuuch, however, as production is fairly never 
general, neyer uniformly active, there is always over-production in 
some branches of trade; and it so happens that this over-production 
is comlnonly coupled with great centralization of ,vealth and enor- 
mous appliances of machinery. 
'Ve must not be understood to utter a word against the })o"rer, 
the advantages, the immense boon of n1achinery; but, as all things 
have their compensations and their penalties, so machinery, benefi- 
cent and marvelous as it is, i8 one nleans of bringing about certain 
unfortunate consequences, as we think may be demonstrated. 
Production and consunlption do not have that intimate relation to 
each other they once had. In old times the weaver, for instance, ,vas 
in contact with l1is customers: he w'ove cloth as he discovered the 
need; he cautiously set up a second 100n1 \vhen it became fully evi- 
dent that it could be kept employed; and thus supply and denland 
,vent, as it ,vere, hand-in-hand. But no,v gigantic mills filled 'with 
nlany spindles have little accurate relation to cOl1sulnptioll. The 
po,ver of production by means of improved machinery is something 
imnlense, and it. is exercised with no very ,vatchful or cautious regard 
to the imnlediate needs of the community. Goods are piled up in 
vast quantities in waiting for a future market, or for an anticipated 
change in price; or they are pressed upon the mark('t at such low 
rates or on such long credits that b
yers are seduced into over- 
purchases. In favorable times these establishments are run at high 
pressure. The old-fashioned nice relation between producer and 
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consumer disappears. t;peculation takes the helm. 
luch morc is 
produced than there is corn, leather, or other goods, to exchange for 
it. The resources of the mills are great; they can borrow fronl the 
banks whilc they pile up their fabrics in thcir "
are-rooms; they can 
by mean::, of their con.....ccntrated capital keep their machinery running, 
e\'en at a loss, if by so doing they can crush out a rival or manipulate 
the market. 
But in the height of this prosperous run there is a check-no 
nlatter for ,,-hat cause-and suddeuly the ,,,ork .stops. There is little 
sale for goods produced; the fires must be put out, the do rs closed, 
and thou
ands of operatives are deprived of enlploYInent. This 
,,
ould not be so unfortunate if this over-production had been diffused 
alTIOng the "
ork-people. But it had not. N otwithstandiug the high 
pre
:::;ure and the excessive manufacture, wages have been kept down; 
,,,hile producing in six months as lunch as could be exchanged in a 
year, the workmen have not been paid in this way-t1]eir wages have 
been upon the basis of the whole year's "
ork-as a result, they are 
turned enlpty-handed upon the street. And, ,vhat is particularly un- 
fortunate, they are reduced as consumers to the minimunl point. 
Here the evil works both "
aY8. The excessive })roduction which has 
shut up the nlÎll has weakened the pow'er of the community to absorb 
this production-the goose that laid the egg has been slain. 
Inevitably the recovery from hard times brought about in this 
way Inust be slow'. The spindl
s cannot be set in Illotion until the 
stock of goods on hand is r
duced and a fresh demand reyives; this 
demand cannot J"evive because the great body of conSHlners are in a 
state of imi)overishment.' 1."his condition of things is entirely suffi- 
cient to explain the genesis aud the prolongation of business prostra- 
tion. Capital is not impaired: it is locked up in machincry tl)at is 
silent, in goods that cannot be exchanged, in Dloney that bas no bor. 
rowers. it is the paralysis of cons{lmptiou that is the cause; and this 
paralysis has been brought about by an unregulated In"oùuction, ùy 
an excess that is not diffused, by the stoppage of .wages, by the idle- 
ness enforcea upon tbose ,vho woulù be consumers, by the absence of 
an adjustnlent of production to consumption. Is it _not clear that ,,",'0 
must have a regulated production; that machinery with' its n1agical 
facility must be put in check; that we must restore the old cautious 
ana intelligt.nt relation bet,veen the two factors of SUl)ply and 
demand? 
We read lately :t very angry denunciation of a con1hination be- 
tlreen certain Jnine-owners in Pennsylvania to lilnit the IH"oëluction of 
coal. 1Yhy? If these men are attempting to makB an artificial 
scarcity, it is wrong, and all attempts of this kind fail; but if they 
mean sinlply to regulate the marketing of coal-of coö}wrating so 
that an exc
ss of the article shall not be thrown upon the market, 
and prices forced below cost-they are right. It is l)etter for them to 
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do this than in the heat of competition overstock the nlarket, and 
then be forced to stop the ,vorks altogether, throwing all the Ininers 
out of enlploynlcnt. \Ve should say that combination is just "That is 
needed-so that the supply of nlatcrial may be kept nearly on a par 
,vith the c1eIl1and, and the mines uniformly worked at a sustained 
rate from one sea:son to another. Spasmodic production is a dread- 
ful evil. It is unfortunate for the consumer because it Inakcs prices 
uneven, and it inflicts cruel injury 
pon laborers and operatives, and 
through them upon the whole community. 
Here, then, is the evil. Speculation inflames it; currency inflation 
stin1ulates it; but un diffused, unregulated, and unrestrained produc- 
tion throws the whole complex lllachinery of trade out of orùer; it 
stirs the ,vhole energies of the people into producing at one period, 
and arrests energies at another; in suddenly stopping production, it 
reduces consulnption, and hence renders recovery the very labor 
indeed of Sisyphus. The only }'enledy ,ve can discover is the ,vise 
coöperation of producers, the deternlÍnation to put the production of 
goods in careful anù just relation to tbe means possessed by the 
cornmunity for exchanging for them. 
\Ve hear rec
ntly a great deal of the example of France, ana 
Prof. Price is aIl10ng those who point adn1iringly to her in this crisis. 
N o,v, as everyone knows, the savings of peo}Jle in England, Ger- 
ruany, and Anlerica, are deposited in banks, whenee they are loaned and 
become utilized as capital; in France the peasants hoard their say- 
ings in old stockings anc1 secret corners. To ,vithdr:nv from either of 
the former countries so large an amount as that of the indenll1Íty paid 
Germany would greatly disturb trade; but tIle peasants, patriotically 
unearthing their hoardings of secret gold in exchange for govern- 
Inent bonds, enabled the state, to the surprise of all, to pay her 
heavy penalty ,vithont distress or financial disturbance. But this 
was an exceptional position. \Ve are scarcely to argne therefronl tbat 
hoarding is the true principle; that a nation is better off because its 
work-people hide their savings, withdra"Ting them frolll public use, 
rather than placing them in banks ,,'here they may become acti,'e 
capital. Prof. Price attributes tIle successful payment by France of 
the Gerlnan indemnity to " the practice of one of the very greatest of 
economical virtues-she 
lad saved." K o,v it was solely due to the 
manner in which her savings had been held. The fact seems to hnxe 
dazzled every body. 
he example of the French peasant is now held 
up on all sides-that be li,Tes the narro"rest and most restricted of 
lives; that his excessive econon1Ïcal spirit not only litnits llis comforts, 
but keeps him ignorant, superstitious, dull, spiritless, hopeless (the 
tragedy of the French peasant-life is only too well told in the })ict. 
ures of l\Iillet); that he has neither intellectual life nor any grace of 
art or refined civilization-these facts are nothing to the economist; 
the peasant has drudged and hoarded; he has refused hinlself and 
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his f:l1uily ease and comfort, and hoarded; he knows neither art, nor 
literature, nor science, but he has hoarded; he, lives a life scarcely 
better than that of the beast of the field, but he has hoarded; his 
savings have nourished no industries, nor rewarded any art, nor pro- 
moted any intellectual end, and he himself has done his best by mere 
restriction to limit the productive resources of his land-but having 
saved and hoarded with the instinct with which a dog hides a bone 
he is held up for admiration! This sort of tbing fully explains the 
shudder with ,vhich l)eople generally hear the name of political econ- 
olny. It is true, there must be economy; there must be saving; but 
there is economy and economy. The real canse of the n10re lu'osper- 
ous condition of France is not starved existence but sustained and 
un
peculative production. There is less concentration there, less ,,-ild 
overtrading; there are more diffusion and old-fashioned relation of 
production to consumption. 
This equable and uniform production is like a stream that is fed 
by ten thousand springs and many afHuents; it flo,vs steadily on, caIn], 
perennial, beneficent: but our speculative and spasmodic production 
is too much like a mountain-rivei', that at one season comes down in a 
flood and deluges the land, at another subsides into a rivulet, and aU 
the land is parched. 


. . . 


AT1.IOSPIIERIC PRESSURE AND LIFE.l 


By DR. PAUL BERT, 
PROFESSOR IN THE PARIS FACrLTY OF SCIENCES. 


T IlE great influcnce that IDay be f'xcrted upon living beings by 
atmospheric pressure.is now questioned by none, and there is 
even a disposition to exaggerate its importance. If the barometric 
column rises or falls a fe,v miHimetres, nervous people affected ,vith 
the asthma perceive l)henomena, whether of a beneficial or of a 
noxious kind, ,vhich they do not hesitate to attribute to the weight 
or to the lightness of the atmosphere. But if this ,ver.e the only 
cause of thcir sensations, then they slJould experience the same syn1p- 
toms ,vhenever they subject themselves to equal variations of pressure, 
as in passing from the level of the sea to a point only a few feet above 
it, or vice versa. 
RAREFIED AII
.-As every one knows, in proportion as ,ve ascend 
from the sea-level, the barometrie pressure diminishes at the rate of 
about one centin1ctre per 100 metres of vertical ascent. And this dim- 
inution is progressive: suppose that at the sea-level the pressure is 76 
centimetres, then it will be 66 centimetres at the height of 1,123 metres 
1 Translated from the French by J. Fitzgerald, A. M. 
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(summit of Vesuvius), 56 centiuletres at 2,432 metres (pass of the 
Great St. Bernard), 46 at 3,998 metres (blont Pelvoux), 39 at 5,920 
Inetres (the height of the highest pass of the IIimalnya is 5,835 Inetres). 
The greatest height attained by Iuan was reached ùy Glaisher in. 
a balloon - 8,840 lnetres, l)ressure 24.76 ccutilnetres - and ùy thè 
brothers Schlagintweit on foot, in the Himalaya, 6,882 nIctres, })ress- 
ure 32 centinletres.. The highest mountain on tbe globe, Gauris:1ukar, 
measnres precisely 8,840 metres-the elevation at which JUr. Glaisher 
fell fainting to the floor of his car. 
Such nlodificatiol1s of pressure cannot be endured w.ith Ï1npunity 
hy the hUluan organism. Though life in moderately elevated regions, 
as the Jura and Auvergne, seems to be so beneficial to those .who 
dwell there constantly, that multitudes come thither froin afar in 
pursuit of health; and though in regions situated at a greater alti- 
tude, as the admirable plateau on \\'hich the city of JUexico starHis, 
the sum of the climatic conditions seems to offer hygienic advantages: 
still all are agreed that at very great elevations there ahvays super- 
vene, with more or less intensity accorlling to persons and circuuI- 
stances, certain characteristic perturbations and discomforts described 
by travelers in the Alps, the Pyrenees, the i\.ndes, and the Himalaya. 
These are, first, a sense of fatigue out of proportion to tbe amount 
of walking or of work performed. rrhe legs appear to become leaden, 
and one feels a weakness in the knees. Then the breath beconles 
short, difficult, labored; the pulse is quickened; the heart-beats occur 
'isolatedly, and reverberate in the head. Next conle singing in the 
ears, dimness of sight, and vertigo. The general sense of rnlalaise, 
the feebleness, become such that the traveler must rest, else he ,vill 
fall to the ground. Simultaneously there occur other sym)Jtonls hav- 
ing their seat in the digestiv"e organs, such as nausea and vomiting. 
These various symptoms, taken together, constitute mountain-sickness 
('JÎ
al des 'inonta[Jnes), ,vhich be.ars a resenlblance to sea-sickness. 
'Vhen they first appear, a fe\v moments' rest suffices to banish 
them; this instantaneous restoration of strength and vigor s11arply 
distinguishes mountain-sickness fronl ordinary fatigue. But at greater 
elevations, \vhere graver symptoms appear, such a
 bleeding fronl the 
nose or from the lungs, repose cannot bring back the condition of per- 
fect health, though it always affords some relief. Travelers agree in 
saying that a person on horseback suffers far less than one on foot. 
On the high plains of. the northern Himalaya, a r

ther brisk })ace in 
,valking, the ascent of a hill however low, the carrying of a moderate- 
ly heavy load," suffice to exhaust one's strength, to canse him to faint, 
and in some cases even to produce death. 
This is the reason ,vhy aëronauts are attacked much later than 
I those who ascenù the mountain-side. Ever since the day when 
lont- 
golfier, realizing the imnlelllorial aspirations of the hUlllan race, gave 
to man the means of overcoming the grayity ,,
hich ties him to tIle 


, 
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earth, n1nny a bold aëronaut has gone above the clouds. Only after 
they have reached the height of 6,000 metres do they usually expe- 
rience symptoms resenlbling those of mountain-sickness. 
But on land these symptonls nlake their appearance at elevation
 
far lo.wer, and differing according to locality. In the Alps, definite 
Syulptoms fh'st appear at 3,000 metres; in the Bolivian and Peruvian 
Andes, at 4,000 metres; higher still, in the equatorial Cordillera and 
on th
 I-limalaya. In general, the elevation at .which they first appear 
depends upon that of the line of everlasting snow, the lo,yer limit of 
mountaiu-siekness being situated a little above the snow-line. The 
influence of the temperature is very evidEnt. As for anomalies spe- 
cial to circuluscribed localities or to individual
, the consideration of 
them would take us beyond the bounds we have set for ourselves here. 
These grave and curious sympton1s have been explained in many 
different ways by travelers, physicians, and experimenters. As for 
the native Jllountaineers, they solve tbe problenl of their origin by 
referring them either to supernatural intervention or to the influence 
of noxious effluvia. In the Andes these effluvia are reputed to be 
of an antinlonial nature; in the Himalaya the cause is supposed to 
be vegetal poisons given forth from flo,,
ers, n10sse
, etc. These hy- 
potheses need not detain u.s. 
Alnong the many theories more or less tenable a jJ1.iori, but no
e 
of which will stand the test of experiment, there is one which is a1- 
Inost universally accepted, and which reckons De Saussure among its 
distinguished supporters. It is kno,yn that the atmospheric pressure 
on a square centimetre of surface is 1.03 kilogramme. If we multiply 
this by the number of square centÌInetres of surface in a man's body, 
the product is sonlething enormous. Take an average case, a prpssure 
of say 15,000 kilogranunes. "T e are in equilibrium with tlIis great 
pressure, they say; lessen the pressure, and the result is like the ap- 
plication of an imnlense cupping-glass over the entire surface of the 
body. The 1leart's action is no,v no longer sufficiently counterbal- 
anced, and hence congestion ana hælnorrhage of the mucous mem- 
branes an(1 of the F\kin, engorgen1ent of the blood-vessels of the face, 
cerebral troubles, and the rest. 
It is amazing to find a theory so plainly at variance ,vith element- 
ary physical laws accepted by eminent men. "That ,vould be the 
result if we had to bear upon the surface of the body a pressure of 
15,000 ki1ogr:unmes, and if every variatiùn of the barom8ter added 
or subtracted from this sum one or two hundred kilogrammes ? 
Another theory, first offered by De Saussure, is far nlore "Torthy 
of attention. "On the top ofl\Iont Blanc (4,810 metres)," says he, "the 
air is nearly one-half less heavy than at the sea-level; hpllce it results 
that if, in a given time, we pass through our lungs a given YOlU1l1e of 
air, that volume will represent only about one-half the weig-ht of the 
san1e volume of the air to which "Te are accustomed. lIence there 
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must result insufficient respiration, or, more accurately speaking, in- 
sufficient absorption of oxygen." "The quickening of the respiration, 
which tends to oft
et the evil, is insufficient," says 
Iartins, "for it 
,vonld have to be twice as frequent, and have double amplitude, ill 
order to cOlllpensate the diIninution in the quantity of air inspired." 
Finally, Dr. J ourdanet adds that, "the pressure being reduced, the 
oxygen must be dissoJved in the blood in a less proportion:" hence a 
pathological state analogous to anæmia, and which be calls anoæy- 
hænÛa. 
These ideas have been met with many objections, In reply to De 
Saussure it was said that the atnlospbere, even at half-pressure, con- 
tains a great deal more oxygen than is needed for respiration; and in 
reply to J ourdanet that, according to the researches of Fernet, oxy- 
gen in the blood b
ing in the state of combination, and not of solu- 
tion, its quantity does not depend on bar0111etric pressure. 
1Iy own experinlents sho\v that De Saussure and J ourdanet are 
right. They further prove the sagacity of J ourdanet in recognizing 
in the inhaLitants of the Ann-huae plateau the injurious influence of 
Jow pressure which, though not perceptible in the state of health, re- 
veals itself on the slightest attack of disease. I need not detail here 
the long series of experiments which have led me to conclude that 
the symptoms following diminished pressure, whether slowly or rapid- 
ly applied, are simply the result of a diminution of the oxygen in the 
blood; in a ,vord, that they are nothing but a sort of asphyxia in the 
midst of the" pure and invigorating mountain-air." 
Still I may repeat here an experiment ,vhich can be perfornled 
wherever ,ve ha"e a pneunlatic apparatus; this experiment clearly 
proves that the lessening of the barometric pressure is of no account, 
mechanically, in the production of the phenolllena. These are the re- 
sult rather of chemico-physical action, the blood not ùeing sufficiently 
charged ,vith oxygen. 
'Ve place a sparrow in the pneumatic bell-glass A (Fig. 1), which 
communicates with the manometric tube C E. The pressure is gradu- 
ally lessened by nleans of the tube B. "Then the manometer shows 
only 30 centimetres' pressure in the bell-glass, the bird gives pretty 
serious evid.<?llce of suffering; at 20 centimetres it totters, reels, and 
falls upon its side; at 18 centimetres it struggles violently, and would 
die in a few seconds, were I to leave it in this situation. So I quickly 
place at a an indicator, to show the height attained by the mercurial 
column, and, opening the cock .J), I introduce into the ben-glass not 
air, but oxygen from the India-rubber bag O. At once the bird be- 
conles 11imself again. I let it breathe a little .while, find again I 
diminish the pres::;ure as before. But now. we reach 30 centinletres, 
25 centimetre
, ,vithol1t difficnlty; not till 'we reach 20 centillletres 
does the bird appear to sho\v some little signs of discomfort; ,ve 
reach 13 centimetres, a', a pressure much less than before, and yet the 
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life of tbe bird is plainly not at all endangered. If I were to adnîÌt 
o
ygen once again, I n1Ïght diminish the press
re still more. 
lIenee it appears tbat it is not the lowering of lllechanical pressure 
that produces the symptoIlls, but the low tension of the oxygen of the 
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dilated air, 'which low tension In'events the oxygen from entering the 
blood in sufficient quantity. 
This experiment I have made not only 'with sparrows, but also on 
IUY own person; and in the latter case the results are .quite as strik- 
ing as in the former, anù I dare affirm, without vanity, no less inter- 
esting. 
By the kindnfss and liberality of Dr. J ourdanet, I have been en- 
ahled to set up i.n the phy
io]ogical laboratory of the Sorùonne great 
apparatus, by the aid of "which I have studied the effécts of cOlnpressed 
and dilated air. The dilated air-chan1ber consists of two cylinders of 
riveted sheet-iron, from which the air is gradually exhausted by n1eans 
of a steanl-puml) (Fig. 2). 
This apparatus I have entered, taking 'with Ioe a large India-rubber 
bag filled with oxygen. As the pump IJegan' to work, I experienced 
all the well-known symptoms of mountain-sickness, viz., quickening of 
respiration and pulse, which ,vas considerably augmented by the least 
movement; sense of loathing, nausea, sensorial and intellectual pertur- 
bation. I fe1t inùifferent to everything and incapable of action. On 
one occasion, ]utving counted my pulse-beats for one-third of a n1Ïnute, 
I tried to Inultip1y the number of beats by three, but cou1c1 not do it, 
and so ,,
as obliged to write on my bit of paper, " It is too difficult." 



AT.Jl/OSPHERIO PRESSURE .AND LIFE. 3 2 ' 


But all these symptoms disappeared as by enchantment so 800n as r 
r(>
pired some of the oxygen in the bag; returning, ho'wever, when I 
again breathed the air of the cylinder. 
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Fig. 3 gives the details of one of these experiments. In this figure 
l.he times of the different stages of the experiment are given at tIle 
foot: just above ,this is seen the curve which represents the rate of 
pulsation; and above this another curv
, showing the barometric prcs
- 
ure in centimctres: the figures in the left-hand margin represent the 
changes of pressure and pulsation. It will be seen that, as the pre8surc 
is diminished, the pulse is accelerated. Thus, the vressure being 42 
centimetres (answering to the elevation of 1\lont Blanc), the pulse- 
rate, which at the beginning of the experiment was 60, rose to 84. 
VOL. XI.-21 
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At this D10ment I took two or three inhalations of oxygen, and at 
OllC'C the pulse fell to 71. Then I on1Ïtted the, oxygen, aud nloved a 
EttIe, when the pulse rose to 100, falling again to 70 w'hen I returned 
to the oxygen. Ten times during an interval oî one hour and twenty 
minutes, and with the pressure ranging betw'een 40 and 50 centilnetres,. 
1 a' ,vill produced these sudden oscillations, causing my pulse installt- 
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ly to rise or fall 20 beats. I may add that this is an experilnent which 
I do not mean to repeat, having suffered during that evening blight 
congestive symptoms, which I attributed to these sudden changes oi" 
cercbral circulation. 
On the other band, those experimentf: in which oxygen is respired 
continuously arc not follo,ved by any injurious effects. Jfig. 4 states 



.ATJIOSPHERIO PRESSURE AND LIFp). 323 


tbe results of that one of my experirnents in which I reached the low- 
est degree of pressure. )Iy pul::5e had grown more frequent, having 
risen from 60 to 85; the pressure was then only 40 centimetres. I 
no,v began to inhale oxygen from the bag, and at once the pulse fell 
to 65, at which point it stood during the remainder of the expel i- 
lI
ent, and at last even fell to 48. In the mean while the pressure had 
fallen to 246 millimetres. This is exactly tbe pressure on the highest 
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sunlrnit of the IIi
lalaya-the same degree of pressure which ,vas so 
near proving 1:1.t3.1 to Glaisher and Coxwell; I reached this point 
without the sHghtest sense of discomfort, or, to speak 1110re accurately, 
the unpleasant sensations I felt at the beginning had entirely disap- 
peared. A bint in the cylinder ,vith IDe ,vas leaning on one bide, an(J 
very sick. It was my wi
h to continue the experilnerit till the bird 
died, hut the steam-plunp, conspiring, as I suspect, ,vith the people 
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who w'ere watching me through glass peep-holes, would not 'work, and 
so I bad to return to nornlal pressure. I placed, for a moment, the 
oxygen-tube under the beak of the bird, and at once be recovered. 
'l\vo other persons have, like nlyself, entered these cylinders, ex- 
periencing the same syn1ptoms, and deriving the same benefit from 
the use of oxygen: these are 1\1ess1's. Crocé-Spinelli and Sivel. Crocé, 
'\vho ,vas very sensitive to reduced pressure, had turned black :It the 
lips and on the cars, and could hardly see his paper, when ]le decided 
to haye recourse to the oxygen. The effect was instantaneous,l)oth 
upon hilu, who at once was able to write, and upon me, who obser\"ed 
with some anxiety the purple color of bis ear, and was about to let 
In aIr. 
Fresh from these experiments, Crocé-Spinelli and Sivel made their 
a.scension of l\Iarch 22, 18'74, during which they rose to the beight of 
7,500 metres (a pressure of 30 centimetres). The faintness, the dis- 
ordered vision, and the nausea, disappeared every time they" drank a 
little oxygen," as Sivel would say. 
On the 15th of April, 18'75, they made another ascension, in com- 
pany ,vith Gaston Tissal1dier. I was not then in Paris, and hence 
could not, as on the former occasion, superintend the making of the 
oxygen-bags. I would surely have made them larger, but prob- 
ably I should no more than any of you have dreamed of what was 
the true cause of the catastrophe which followed. The oxygen-tube 
hung at a certain height above their heads, and, knowing that they 
had but very little of that gaseons cordial, they economized it against 
the moment when they should be more seriously attacked by 
sickness. But, when they wanted to take hold of the tube and to 
apply it to their mouths, their anTIS were paralyzed. 
This terrible occurrence ought to be a lesson of prudence, but it 
must not serve as a pretext for discouragement. Crocé-Spinelli and 
Sivel died at 8,600 metres, with a pressure no greater than that reached 
by me without the slightest shado,v of unfavorable symptoms, and it 
will be easy to devise measures ,,"hich ,viII insure the aëronaut against 
an attack of sudden paralysis. As for the value of ascensions to great 
heights, I am surprised to see it questioned by eminent men. '\Vhat 
could be a more curious object of inquiry, from the point of ,'iew of 
the meteorologist, than that aërial zone, 10 or 12 kilometrcs in depth, 
in '\vhich are developed rain, hail, and sno,v storms? It is not w'isc to 
assign limits either to human activity or to the usefulness of scientific 
researches. 
But to return to the theory of the symptoms produced by decO'Jn- 
pression. The experiments mnde in the cylinders demonstrate, be- 
yond the possibility of doubt, that these symptonls depend solely on 
the tension of the oxygen in the air respired; an aëronaut breathing 
conlmon air (21 per cent. oxygen) at one-half ('ommon atn1os}>11Cric 
pressure is precisely in the same condition as a Jnan who, at normal 
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pressure, breathes air that holds only one-half the Ilornlal proportion 
of oxygen. Consequently, he is subject to couditions of insufficient 
oxidation, and th reatened with aSl)hyxia. Hence his rapid respiration, 
in the effort to introduce into the blooù the oxygen which i::; lacking; 
hence, too, the accelerated palpitation of the heart, and nervous and 
muscular debility. 
But if the traveler ,vhose blood is thus impoverished keeps per- 
fectly still, he will not suffer much, for it needs very little oxygen 
to support the body in the state of immobility. But if he stirs about, 
if he tries to lift the weight of his body by clinlbing, then he has need 
of more oxygen than is contained in the blood; and, as this is not to . 
be had, the symptoms of mountain-sickness make their appearance, 
and the only hope of relief is in repose. This is the reason why 
aëronauts, who perform no work, experience" balloon-sickness" at a 
far greater elevation than mountain-climbers experience the symptoms 
- to which they are liable. 
The cooler the air, the earlier the appearance of the symptoms. 
"\Vhen it is "rarm, the traveler needs only a small quantity of oxygen 
to keep up the bodily temperature. But, when the air is cold, the loss 
of bodily heat increases, and hence the need of a more int{:nse calorific 
oxygenation. But how can this be attained if the blood does not 
contain enough oxygen? This is the reason why, as I have already 
stated, mountain-sickness makes its appearance much earlier in the 
Alps than in the Himalaya. 
CO
IPRESSED AIR.-For thirty yeal's, physicians, follo\ving the foot- 
steps of 
Tunod, Pravaz, and Tabarié, have made use of compress.ed 
air in the treatment of sundry diseases, and they have produced re.. 
markable results in cases of anæmia, passive hæmorrhage, chronic 
bronchitis, and emphyselnatous asthma. This I merely note in pass- 
ing. Anlong the physiological phenomena, all observers have noted 
a rliminution in the number of the heart-beats and of the respirations, 
and an increased amplitude of the latter. Physicians commonly em- 
ploy a pressure of only one-third or one-half of an atmosphere, while 
I have specially studied pressures of several atmospheres. 
These great pressures have b
en employed in various induRtries for 
a few years past, but more especially in submarine diving and in sink- 
ing piers for bridges. 
In submarine diving, the diver incloses his head in a metal helmet 
with glass eye-pieces. Into this he1 met, by means of a pump, com- 
pressed air is driv:en with force sufficient to expel it again through 
special orifices. Thus there is established an equality of pressun
 be- 
tween the water around the diver and the air he breathes and this is 
, 
the conditio sine qua non of his being able to live beneath the water. 
Lead-weighted shoes and a ,vater-proof dress complete the outfit. 

Iessrs. Rouquayrol and Denayrouse ha ve made the diver inde- 
pendent of the lighter or vessel from which, prior to their i mprove- 
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ments, he could not w.ander away, and this they have done by strap- 
ping upon his back 3 compressed.air receiyer which works very 
ingeniously. Diyers ,vho fish in this ,vay for coral, pearls, 8ponges, 
etc., descend to the depth of forty lnetres, and the air they breathe is 
under a pressure of five atmospheres. 
The apparatus used in erecting bridge.piers is a great Ï1nproven1ent 
on the old diving-bell. The discovery of the princi})le involved in 
these is due to 1\1. Triger, ,vho, in 1841, applied it to tIle construction 
of mine-galleries under the Loire. Nothing can be simpler tJ}all this 
principle: it is employed by children ,vben they amuse thenlselvcs Ly 
. blowing into a half-submerged tube, and causing the air to issue in 
bubbles. The apparatus, reduced to its simplest expression, lllay be 
described as follows: A tube of the length proposed for the pier is let 
do\vl1 to the bottom of the river. It is capped with a chalnber, into 
.which is forced compressed air. This air expels the \vater from the 
lower end of the tube, and passes out just as in the child's play. The 
workm
n can then, by means of a system of doors, as seen in Fig. 5, 
descend to the bottom, and tbere dig for the foundation of the pier. 
As the soil is removed, the tube descends by its 0"'.11 ,veight; it is 
lengthened by the addition of successiye sections, till the solid rock 
is reached. The cylinder is now filled with béton and the pier is 
complete. 
In these apparatus workmen bave also been subjected to pressures 
as high as five atmospheres. 
Now, both among divers and w.orkmen in these tubes, syn1ptolns 
have been noted often so serious as to terminate fatally. First there 
is an intolerable itching', called by the workmen" tht> fleas" (}Juces); 
then violent pains in the muscles and joints ,vhich have done most 
work; paralytic symptoms, particularly in the lower linlbs, which 
often are persistent and. fatal; finally, sudden ge3th. Of 160 men em- 
ployed on the foundations of the St. Louis (1\Iissouri) Bridge, thirty 
were seriously attacked, and twelve died. 
You are ,velcome to a11 the hypotheses invented by the fertile 
minds of physicians to explain these redouùtable troubles. Quite as 
a lllatter of course, we find here, first of all, the mechanical explana- 
tion: """"lIen a man enters the tube," says one authòr, f' he is flat- 
tened out!" (aplati). Very likely, indeed, if '\ve adlnit that at the 
pressure of three atmospheres 4,500 kilometres more ,veighs . upon 
our body. But, happily, we are saved from this fate by elementary 
physics. 
The \vorkmen in the tube at Kehl had a saying, as is usual 
nnong 
workmen everywhere; it is one full of acuteness and depth: " Yon 
pay when you leaye." It is decompression and not compression that 
does t11(' mischief. 
But ho\v does decompression act? ,r ery sinlply indeed. 11er(' in 
this glass jar is a rat suhjected to ten atmospher(\s. I now turn a 
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cock, and in a n10ment bring the animal back to normal pressure; he 
turns around two or three times and drops dead. '\Vere I to make an 
autopsy now, I should find the heart and the great vessels full of gas; 
so great is the amount, that once I dre,v off fifty cubic c
ntimetres of 


Fro. 5. 


gas from the vessels of a cat deco'Jnpressed in this ,yay. This gas is 
nitrogen with a little carbonic acid. 
. The process is as follows: The animal by breatl)ing con1pressed 
:aIr charges its blood with air in the proportions indicated by physical 
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law; on the normal pressure being restoI'd, the gases with which it was 
supersaturated pass into the free state. It is like drawing the cork of 
a bottle Qf beer. The oxygen combines on the spot, but the nitrogen 
is at once set free, and carries with it carbonic acid in becoming dis- 
engaged. Death is explained by the arrest of the circulation. 
But it must not be supposed that the action of compressed air is 
harmless. If we subject a sparrow to a pressure of twenty atmos- 
pheres, it will, after a few minutes, be seized with tremors, increasing 
to Inost violent convulsions-convulsions stronger than those of teta- 
nus or of strychnine-poisoning-and the bird soon dies. These terrible- 
symptoms are not the result of compression, as I llave been able to' 
prove by two experiments. In the first place, they can be produced 
at the pressure of five atmospheres, provided pure oxygen be used 
instead of air, which latter has no special effect at this pressure. 
Secondly
 they do not make their appearance if the air subjected to 
twenty atmospheres' pressure is very poor in oxygen. 
rThus it is the oxygen that is to blame. Oxygen at too high a., 
degree of tension destroys animal life. Long I Lesitated to character- 
ize as a poison the "nursing father" of everything that lives, but 
there was no help for it. Oxygen, which gives us life, slays also, 
when administered in to
 strong a dose. I have had to study thor- 
oughly this paradoxal poison to determine the different effects of 
varying doses, and its action upon our tissues. 
IIere a new surprise awaited me. Having seen a sparrow killed 
by oxygen, I supposed that this agent must have accelerated organic 
combustion, thus consuming all the material which goes to maintain 
the animal heat. But great was my astonishment when the ther- 
mometer indicated in animals laboring under strong convulsions a fall 
of several degrees in the temperature. The analysis of other phe-- 
nomena confirmed this first observation, and led me to the btrange 
conclusion that oxygen in excess kills by interfering with, arresting, 
the intra-organic oxydation. 
The effects of this powerful agent begin to be distinctly felt at the 
pressure of about five atmospheres. Perhaps they might be noticed 
at a lower pressure, and I am inclined to attribute to this cause the- 
unfavorable symptoms presented by workmen who have 8p('nt several 
months in compressed air; but this is a complex problem. In any 
cas(\, if the necessities of industry subject men to pressures higher than 
six atmospheres, they will be in danger not only at the instant of de- 
compression, but even from the effects of the compression. 
Oxygen at a high tension kills not only the higher animals: it 
acts alike on vertebrates and invertebrates, animals a
ri:ll and aquatic, 
plants and animals
 big and little, even microscopic organisnls. Its 
effects upon the latter are highly interesting. 
From the admirable researches of Pasteur it appears that the 
phenomena of fermentation are of two kinds. One set of phenomena 
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are correlated ,vith the development of nlicroscopic organi
ms; this is 
fernlentation proper. The other set are dependent upon the action of 
anlorphous soln ble substances; this is diastasic fermentation. Now, 
oxygen in 3, state of tension arrests the former class of phenomena, 
but in the latter class it is without any action. 
Thus we can entirely prevent the fermentation of must, the sour- 
ing of wine, the putrefaction of meat, etc., by means of oxygen in the 
state of tension. This work once done, we may restore the normal 
pressure, and then, provided germs from without are excluded, no 
true fermentation will occur. 
I once hoped to be able in this way to preserve meats, eggs, etc.,. 
but this was an illusion. The substances do not become putrid, but, 
in consequence of a pseudo-fermentation, which sours them, they ac- 
quire a disagreeable taste, which takes from the process all its indus- 
trial value. 
At the close of this long discourse I would call attention simply to 
one consideration. Atmospheric pressure ac
s a far more important 
part in the life-conditions of organisms than is commonly supposed. 
If we go back to the primordial geological ages, we Inay regard as 
highly probable the hypothesis that the pressure was then lnuch higher 
than now. This must be taken into account when we investigate the 
origin of life. But, if we look to the future, it is plain that the press- 
ure \viU go on steadily diminishing, just as the amount of water on 
the earth's surface diminishes; and hence all living things are doomed 

after the lapse of countless ages, it is true-to perish by asphyxia 
from the lessening of the atmospheric pressure. Hence the limits of 
life upon the globe are fixed on the one hand by an excess, and on the 
other by a lack, of pressure.-Revue Scientifique. 


... 


IIEAT AND MOTION, AND POLITICAL ECO
OMY. 


T HE la\v of the Inechanical equivalent of heat may be summed 
up in the following propositions, viz. : 
The heat required in order to raise a given weight of water one 
centigrade degree of tenlperature can also lift the same weight ] ,300 
feet, or, more exactly, _ 424 metres. Thus to the unit of heat there 
corrcsponds a definite amount of work. 
Conversely, a given amount of ,york prodnces also a definite 
am:->unt of heat; in other ,vords, there is required an anlount of ,vork 
equal to 1,300 foot-pounds, in order to raise the temperature of one 
pound of water one centigrade degree. 
IIeat and motion, therefore, are convertible. 
Chemical processes are, in the Ja
t re
ort, the true sources of heat. 
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lIere only a certain portion of the heat reappears in the shape of 
a\'ailable mechanical work, the })roportion for the, steam-engine being 
one-t,ventieth of the heat produced by combustion of coal, and in the 
human body one-sixth of the heat developed ùy the conversion of the 
bodily constituents. 
Every one kno"
s ,vhat a revolution this ]a\v has brought about in 
physics and mechanics: it has added a new chapter to physiology. 
There is only one science which, so far, has dra\vn no advantage 
from the discovery of the source of force and. work, and that is no 
other than the \
ery science of work, or political economy-in Ger- 
D1an, Volkswirthschaftslellre. ! 
The grandest discovery in the doctrine of forces is as yet not even 
mentioned, far less turned to acconnt, in a science 'whose object, never- 
theless, is simply force-work. 
But, then, this science is called 1J T irtlt::;chaftslehre. Surely 110 
other name could so ill denote the thing as this, and I confess that ] 
have ahvays had an aversion against caIling honest work by such 
a nanle. 1Virthschaftslehre suggests ideas as remote as possible fro)}1 
econorny-taverns and tavern-keeping. Far better is the Anglo- 
French term of political economy. If we must have a German llanle 
for the idea, let it be simply Arbeitswissenschaft-the science of 
,york-for political economy, from first to last, lIas to do 'with nothing 
but human labor and its relations. 1 
But if we call this science no longer Volkswirthschaft, or political 
economy, but the science of labor,' the very name will clearly sho,v 
that it can rest on no other basis save the la,v of energy, of motion- 
the great law of the mechanical 
quivalent of heat. For 'work, includ- 
ing human "
ork, is motion, and motion is heat. Of course, poJitical 
economy does not touch on the laws of nutrition, the laws of food- 
substances or their transformation, for that is the province of chemis- 
try and physiology. Political economy has to do only ,vith the value 
of ,vork, its price, and thence explains the phenomena of the market. 
Labor is the natural process whose social relations are kno,v)} as 
political econon1Y. The fundamental idea which 'political eC0110n1Y 
derives from labor is that of value, The production, the consump- 
tion, ana th
 exchange of values (1VéJ"tllschaffung, lVerthve)'b')'auc"
 
TVerthtausc},), are the three principal divisions of the science of po- 
litical economy. _ 
In science there is no question that the value of a thing nlust ex- 
press only the human lahor expended on it. Price is tlw sUln of the 
values that are given in order to Inove the will of tbe o'\vner to rc- 
nouncenlent of his right in the thing, his pORRession and hi
 enjoyment 
of the work embodied in the thing. The idea of value requires deter- 


1 }'or the benefit of the reader who is not acquainted with German, it may be wen to 
C'xplain that in that language the ordinary meaning of the word JVirtll, is host, innkeeper; 
and of lJTirtla)clwft, 'inn keeping, tavern, public-house. 



lIEAT ,AND ....
IOTION, AND POLITICAL ECOJ!.lO.L1IY. 331 


n1Ïllation of a \T
1Jue uI
it, for only thus can we kno,v the value; or, 
to speak 11101"e exactly, only thus can we conceive the labor expended 
on the thing. We mu
t be able to say, not only that labor has been 
expended on the thing, but al
o how much. 
l\1arx was the tirst to essay the determination of a value-unit. This 
'he found in a fixed term of "labor-time," usefully expended in the 
,york. But tinle is no meaRure. The measure must be a thin!}, if it 
is to be cognizable at all, and such.a measure is present.ed to us only 
in ::\layer's la,v. 
For, if work be equal to motion, and nlotion to heat, then a given 
amount of ,york (task) can also he regarded as equal to the anlount 
of materials expended in producing the heat required for such ,vork 
(motion). And hence, just as we compare a given net amount of effect 
from a steam-engine ,vith the coal expended, so may ,ye compare a 
certain anlount of ,york ,vith the amount of food expended in produc- 
ing it; and since wheat contains all the essential elements of nutrition, 
,ve may compare a task with the quantity of wheat expended in per- 
forming it. 'Vhere a day's ,vages is paid in the shape of a day's 
provisions ,ve have a crude exalllple of the application of this theory. 
lIenee, as natural forces are gratuitous, the value of a thing ex- 
presses the amount of food expended in its production; and the value- 
unit is a fixed quantity of this food, say so nlHch as is won by a day's 
work. 
Exchange of values is. effected with the aid of a thing in which are 
'expreRsed the food-units required for its production; this is metal 
coin. lIenee exchange-Inetal is both value and an index of value. 
l\1ayer's law furthermore gives the law of wages. The workman 
must get back what he has expended in hi
 laùor in the shape of food; 
and this expenditure must be supposed to cover the CORt of his bring- 
ing up and development, as also provision against old age when he can 
no longer 'work. 
The idea of capital, too, and especially of the justification (Bereclt- 
tigung) of capital, falls under l\1ayer's law. Experience teaclles that 
the amount of food-material gained by labor is in excess of that 
expended in labor. This excess is capital in the strict sens
, perfectly 
justified capital. 
In virtue of the la,v of equal ,vages for equal ,vork, everyone, even 
though he does not produce (if ",,"e Inay so speak) food-stuffs, is enti- 
tled to the sallle surplus in recompense (food-stuff8) that he ,vould 
have earned by \\rork expended in the vrodllction of food-stuffs. 
Perhaps it will be obj
cted that 1\layer's law applie8 to bodily 
lahor, not to mental; but here, too, it holds good. The natural forces 
are gratuitous: it is only human labor that produces value. Now to 
natural forces belong not only the matf'rials of 1 he animal, vegetable, 
and mineral kingdonl
, but also intellectual qualities, even genius 
itself. 
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Genius is a natural force whieh posscs
es a value only in so far as 
work has been expended in developing and applying it; thi
 ,york 
IH"odnces values by con
un1Ïng values. 
..All mental labor i::; at the same time brain-labor. The brain con- 
Slunes a certain amount of food-material. Of course, all the other 
involuntary bodily movelllents which go on simultaneously with the 
brain-Inovements, as also the necessary periodB of rest, must be taken 
into account in estimating tbe value of the products of mental labor. 
Here, too, a definite aUlount of food-substances gives a definite 
quantity of (rnental) ,vork.-.Das Ausland. 


.... - 


ON IIEREDITY IN NERVOUS DISEASES. 


By EUG
NE DUPUY, M. D. 


T IlE facts which I propose to consider in this papér have been 
brought to light by means of the experimental method. 'They 
are very interesting, both physiologically and psychologically viewed. 
I shall occupy myself with the physiological aspects only, and their 
bearing on hun)an pathology. Psychology is beyond n)y province. 
l\loreover, I conforll1 myself to the saying of l\Iolltaigne, that deduc- 
tions are very difficult to draw in psychological science, for" cornuwnt 
cognoit on la selnblance de ce de quoi on ne cognoit point l'essence? " 1 
1\lost of the facts observed, of hereditary transmission of nervous 
disorders, were put on record many years ago by my eminent friend 
and teacher Dr. Brown-Séquard. Some I have observed., tógcther 
,vith him, during the years that I was his assistant, and others I have 
discovered quite lately. 
The disorders which were inherited had all been artificially in- 
duced in aniu13ls for the sake of experimentation. Very great care 
was taken in all cases to avoid causes of error, and I am J:lositive that 
they were got rid of completely. 
It will be seen that lesions 'which affect not only nutrition of 
parts, but also the higher functions of the nervous system, can be de"" 
"eloped by hereditary tendencies, when artifieial1y provoked, through 
those nerves ,.vhich minister to organic functions-belonging to the 
so-called sympathetic system. 
It is \vell known that a system of nerve
 exi
ts in 
ll animals 
which have a circulation, and which apparf1nt.ly has no other functions 
but to control the l)lood-vessels, to regulate the flo,v of the blood 
throu
h them. This nervous sy
tell1 is calìed, therefore, tlH' vaso- 
motor system; it is aho termed the sym pathetic. 


I How can one know the like of that of \\hich one knows not the essene:e? 
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It has been discovered tbat wben a branch of that nervous system 
is sectioned, is separated from its centre, the blood-ve
sel with wbich 
it is connected almost at once enlarges: its calibre increase
, nlore 
blood passes through it during a given ti.me, etc. But if, no,v, thiß 
separated ('nd of the ner\'e is irritated, the reverse phenomena are 
seen: the blood-vessel contracts, its calibre diIninishes. When small 
artf'ries are experinlented upon, the calibre becomes so small that 
blood-corpuscles no longer succeed in passing through it. So that it 
becomes evident that that nervous system bas a great function t3 1)('1'- 
fornl ,vith regard to the nutrition of all the parts, or rather of every 
organ in the body, including, of course, the central, i. e., the spino- 
cerebral ner,-ous system, for the" blood is the life of tbe anaton1Ïcal 
elements." The materials .which compose animal bodies are endo,ved 
,vith properties ,vhich differ in every different tissue: for instance, ,ve 
say that the muscular tissue has the property of contracting. These 
properties of tissues develop functions: for example, tbe contraction 
of the ciliary muscle permits correct yision; but it is evident that if 
the tissue does not keep up the process of nutrition, i. e., assilnilation 
and disassiInilation, \vhich it can only do l)y tbe agency of the blood 
,vhich carries to it ne\v materials, and removes effete elements, its 
properties are impaired and its functions are consequently perverted. 
This point being understood, I proceed to relate the experiments: 
If in a Guinea-pig, for instance, that portion of the vaso-motor 
branch which is in connection ,vith the carotid artel'y in the neck, 
.:-which, therefore, regulates the blood-supply of some part of the 
brain, of the ear, of the face, and of the eye-be divided, or, better 
still, if the ganglion from which that branch springs be renloved, ,ve 
see that the entire half of the head of the anirnal, on the side on 
,vhich the operation has been perfonned, becomes hotter, and on iX- 
amining more closely we discover that the increase of heat is due to 
the fact that the blood-vessels allow mOl'e blood to pass through them, 
that the nutrition of the parts is increased, and therefore tbe heat also 
increases; and we see that the upper eyelid of the animal drops a little, 
being in a state of hyperæmia-that is, its capillaries are distended- 
that the secretion of tears is increased so that the eye is wet, that the 
pupil of the eye is contracted because of more blood in the ciliary 
system, etc. The ear also becomes hotter, and, if the aniInal is white, 
'\ve can see that the ear which b
fore was white with some blood- 
, 
vessels stretching acr<;>ss, is now becolne red, and presents a very 
rich network of capillaries, which have become apparent, being of 
enlarged cali Lre. 
Now, all these phenomena may disappear after a ,vhile, except a 
few. The eye ahvays rf'mains smaller, although the blood-supply of 
the eyelid is more regulated; the- pupil remains a little contracted, and 
the secretion of tears continues, and also the nictitant membrane re- 
mains in a congested state. No matter how 10nO' the animal lives 

 0' 
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that state of the eye persists, and when the animal dies, or is sacrificeù, 
it is seen that this eyeball is sl1laller than its fellow. 
If, 1l0'V,. such an a,nimal were allo,vecl to breed with another- 
,vhether operated upon in the same mauner or not-it would be seen 
that young which arc born, apparently perfectly healthy, present a fe,v 
da ys after birth all the !)henomena observed in their chan ged parent 
or parents. They have the same smaller eyes, but on both sides; the 
saIne ear thickened and enlarged, etc. The only phenon1ena ,vhich 
they do Hot sho\v are tho
e which have been transi,ent, tl}e increased 
heat and the inc.reased sensation which depended upon the increased 
amount of bloull present, etc. L 
Those young can be n1ade to breed in-and-in for several genera- 
tions-I haye watcbed them for five generation
-and al ways the same 
characteristics ,,
ill be discovered in the young. 
If, no\", an examination is made of the parent, the first one, it will 
be seen that the nerve ,vhich had been sectioned, or its ganglion 
which had been extirpated, is not regenerated; ,vhile, if an autopsy 
. 
is made of one of the offspring of any of the subsequent generations, 
it is seen that they an possess the nerve and the ganglion int'act. The 
acutest or nlost minute microscopic examinations do not discover any 
difference between their structure and those of other animals of the 
same family and'species. 
If a puncture 1e made into that portion of the upper part of tbe 
spinal cord which anatomists call the restiform body, in Guinea-pigR, 
it will be seen that the animal presents at onc
 an increased vascular- 
ity of the ear on the corref'ponding side; the ear becomes gorged with 
blood, chiefly toward the periphery; sometimeR in a yery short tim
, 
indeed, that portion of the car falls off, destroyed by dry g
ngren
. 
I bave the record of a caRe in which the ear was thus partially de- 
stroyed in less than nine hours. The eye on the same side becomes 
larger and protrudes; it protrudes first, and becomes larger in the 
course of time. 
If a pair of Guinea-pigs thus operated upon be allo,,,ed to breed, 
and even if only one parent is thus diseased, the other Leing healthy, 
when young are born, these young ahvays present t_he phenomena 
oh:-:erved in the parents; hut th
 phenomena just l1escribed only 
con1e shortly after their birth. It is seen that their eyeballs increase 
ill 
ize and protrude from their sockets, their ears after a few days be- 
con1e diseased, just like those of the pårents, the sul)jects of experi- 
mentation, and drop off, eaten by dry gangrene. 
'Vhen the parent or parents are sacrificed, and their restiform 
bodies are examined n1Ícroscopically, nothing- is detected but a cicatrix 
in the envelopes of the spinal corel, ,vhich appear a little thickened at 
that point, but the nervous tissue itself doc::; not differ apparently fronl 
surrounding elements of the same nature and structure. If an exam- 
ination is also lnaùe of one of the young, nothing at all is discovered. 
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Tho
e yonng can be allowed to breed in-and-in, and always the 
sanIe phenomena will be observed in each subsequent generation. I 
have sometimes noticed that if a male or a female belonging to any 
one of the successive generations is allowed to breed ,vith another 
healthy animal, very generally some of the young present the same 
hereditary peculiarities. I have follo,ved animals"thus operated upon 
through seven generations. 
But what is still more remarkable is the transmission of an epilep- 
tic malady artificially induced. Dr. Brown-Séquard, as is well known, 
has for nearly thirty years made experiments on thi
 subject of epi- 
lepsy, and his researches have discovered an array of facts of the high- 
est value, to lighten the obscurity which has at all times rendered 
the true causes of that disease unattainable. lIe has nlac1e the like 
of ,vhat renders illustrious the nanles of the foster-fathers of experi- 
1l1ental physiology-a synthesis: he has produced an epileptic Inalady 
in the Guinea-pig, which presents all the characteristics observed in 
that disease in the human species. . 
Dr. Brown-Séquard found that ,vhen the spinal cord of a Guinea- 
pig is pricked, or a portion of it is destroyed, or one of the sciatic 
ncrves-that is, one of the largest nerves of the hind-leg-is either 
sectioned or torn off from the spinal corçl, the animal in the course 
of a fe\v ,veeks develops the epileptic malady. First, after a week 
_ or a little more, all traces of the operation have disappeared, as far as 
the wound is concerned. When the spinal cord has been operated 
upon, sornetimes the feeling of pain is found lacking to a slight de- 
gree on the opposite side, and exaggerated belo,v the point of the 
body at which the ,vound has been Inade; but lllost genera]1y no such 
symptoms at all exist. 
When the sciatic nerve has been cut or torn away, the greater 
portion of the leg is paralyzed as to motion and sensation, which 
is natural enouglJ, because the muscles can no longer obey the man- 
dates of the ,vill, being deprived of the nerves ,vhich carry thf'm, 
and also the centres no longer receive impressions "which formerly 
canle from those muscles and the skin covering thein, because the 
nerves \vhich carry the impressions have been destroyed. 
It happens, also, in this case, that those parts which are thus de- 
prived of Inotion and of sensation are dragged on the ground, are 
easily hurt, and become inflamed and enlarged. As soon as the skin 
has been broken, the animal begins to eat a,vay all the parts of its 
leg which it does not feel; hut it cautiously stops at the very 
lin1Ít ,vhere sensation still persists, so that, as, out of its three toes 
which terminate its posterior lilnb, the inner one is animated by 
nerves ,vhich do not COlne from the sciatic, that one toe has pre- 
served sensation and motion. Therefore, ,vhen all tlJe insensible tis- 
snes have disappeared, the wound heals very rapidly, and the anilnal 
has a lil!1b which terminates by one toe only, the inner. 
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But another specially interesting fact ,vith regard to e})ilepsy is 
this, that, a few days after the operation, whether made on the spinal 
cord or the, sciatic neryc, it is found that an area of skin on the san1C 
side ,vith the nerve destroyed or the spinal cord injured, which i
 
lilnited by the line extending froln the anterior extremity of the 
eye to the end of the nose, thence, conlprising the upper lip; running 
along the neck to the shoulder, and then in a straight line to the 
posterior extremity of the ear, :Ind, lastly, to the posterior angle 
()f the eye, by degrees loses certain faculties and acquires ne
T 
()nes. The sensation of pressure, of Bqueezing, of. heat, cold, or elec- 
tricity, of pain in a ,vord, all disappear; only the faculty of feeling 
tickling persists, and that appears exaggerated. In an experinlcnt 
,vhich I made some years ago, this effect followed within t,vo hour
 
of the operation on the upper spinal cord. 
It is seen at the same time that tickling this zone gives ri
e at 
first to involuntary twitchings in tbe muscles of the jaw, of the eyes, 
and of the nose, on the same side; by degrees those twitchings be- 
conle more strong and more genera], then they manifest themselves on 
the other side also, and after a few ,veeks the animal has regular con- 
vulsions after each tickling of the zone, which lastly cuhninate in a 
regular attack of epilepsy, of which the features are the following: 
\Vhen the attack begins, the head is drawn first, and ,vith great vio- 
lence, at times toward one shoulder, at times to,vard the other. This 
has been explained by the contraction of the lnuscles of the neck. 
The mouth is drawn open by the same cause, and the nluscles of the 
face and of the eyes, ,vhich had twitchings, now contract violently 
also. At this period it \\ ould appear that the luuscles of the larynx 
are contracted to some extent. At all events, it ap})ears that the vo- 
cal cords are contracted, for not unfì.equently the animal lÍtters an 
inarticulated, unnatural, sharp cry, which DIay be taken for the })as- 
sage of air through the obstructed larynx. It then falls. The mus- 
cles of the legs are contracted stiff, those of the chest are thoroughly 
so; very soon all the muscles are the seat of convulsions. ReRpira- 
tion, which was in no little degree impeded during the time that 
the muscles of the chest were rigid, now becomes more frequent but 
very irregular. After a "yhile the aninlal recovers, and remains in 
a state of stupidity for sonle time. It is not unfrequent to observe 
in these epileptic seizures fits of insanity-if I DIay use such a ternl 
when speaking of Guinea-pigs, but that '\-vord only will llJake my 
meaning understood. When these animals have been suffering for 
SOlne ulonths, it is seen that they have fits ,vithout apparent proyoca- 
tion ;- that is to say, spontaneously. 
\Vhen they recover from t11e epileptic taint, aU the phenomena 
observeil about the zone of skin in the neck and face recur in the re- 
verse order; that j
 to say, all the different s
nsations return by de- 
grees, at the same time that the hair of that region faUs, and ne\v 
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hair gro,ys gradually. The fits become simple con\"ulsions, then Inere 
twitchings, and last.ly the animal can no longer be distinguished from 
another healthy one but by the fact that it has only one toe at one of 
its hind-legs, ,vhen the operation has been perforlned on the sciatic 
nerve; and nothing ,vhatever remains when the origin of the disease 
,,,,as a prick in the spinal cord. 
All these different .facts, of which I llave just spoken, are the 
characteristics of an epileptic seizure in our own species. That zone 
of skin about tI!e neck and face is the analogue of those areas of the 
body of the epileptic from which sensations of all possible natures 
and kinds arise a short time before the attacks, and which are called 
by the general name of "aura." 
To Inake the analogy greater, let me say that, just as in man, 
w"hen such an "aura" is discovered to start from such a part of the 
body that it can be acted upon directly, so as to be removed, the dis- 
ease is cured, so also, if that zone, of which I have spoken, in the 
Guinea-pig be cauterized, the fits do not occur-qle animal is cured. 
I have given th
se details with some minuteness, because they 
show still more strongly the effects of hereditary transmission of 
the disease. All the young of Guinea-pigs thus maùe tbe subject 
of experiment do not become epileptic; Dr. Bro,vl1-Séquard has 
observed several. I have had occasion to observe only a' very fe,v, 
and I have been able to learn that the young are born healthy, 
apparently. Sometimes-almost always, in fact-they are born .with 
only one toe in the hind-leg; that is the case ,vhen the parent haa 
lost its toes in the manner that I have already stated. Perhaps 
two months or more after their birth-they become adult very rapid- 
ly-tIle same phenolnena develop in those young as in their par- 
ents; to u.se the words of Dr. Brown-Séquard bilnself, "we see the 
gradual increase of the affection, the din1Ìnution of the sensibility in 
the zone, just as with the parent, the coming of a period of complete 
attacks of epilepsy, anù then the 10
 of hair, and the gradual diminu- 
tion of the nervous cOlnplaint." Now, it is to be observed-and this is 
the important feature in this transnli'3sion of disease-1 hat in the 
parent operated upon the cure, .when it is spontaneous (that is, when 
it does occur without any treatlllent, .which is the case when the 
sciatic nerve and not the spinal cord has been divided), only super- 
venes because the alteration in tIle nerve is cured: if it has been sec- 
tioned, the t,vo ends Ineet .again and are reunited after a fe,v ,veeks ; 
. if it has been torn away, the parts still remaining attached to the outer 
heal together; ,ve can therefore understand ho\\", the ('ause of the dis- 
ease, 1. e., the alteration of a nerve, being removed, the disease, i. e., 
epilepsy, also disappearH. But in the young which have inherited the 
taint no such explanation obtains. Their nerves have not been oper- 
ated upon, not torn nor cut. flow are ,ve to explain their cure, 
and this fact, which is, as I have said, the peculiar feature of this 
VOL. XI.- 22 
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heredity, that the cure in the parent which has so characteristic 
stages should have exactly the same stages ,in the young as to cir- 
cunlstances and time? 
I have said tbat I would only deal with this subject of heredity in 
its physiological aspects, but I cannot refrain from recalling to the 
attention of the reader that such facts in the human species need to 
be studied by psychological physicians, because they occnr in insane 
patients, as is well know"n. Those alterations of the cars of 'which I 
have spoken at first are frequently nlet with in the ears of denlented 
l)atients; physicians call thpm bæmatoma. I have satisfied.)11yself that 
it is even more frequent than suspected in the inmates 
f asylulns. 
That state of stupor, or stupidity, and of insanity, in the Guinea-pig, 
i
 of very frequent occurrence in the human epileptic. I could tell a 
long story of similar phenolnena observed in our own species. 
I believe that, if any conclusion can at present be drawn frolD those 
facts, a pbysiologist or a physician will state that it is not a disease 
'which is inherited, which is transmitted, but the power to develop 
such a disease. On the one hand, a physiologist is bound to ac- 
cept that the disease was originally developed as a consequence of 
an anatomical alteration of a certain organ or nerve-cell or fibre; and 
on the other he is bound to consider that tlle same disease or conse- 
quence develops itself in a young one ,vhich has no such circumstances 
of anatomical alteration of a certain organ or nerve-cell or fibre-at 
least detectable by any means. of investigation at present employed. 
This question of heredity is one of the most vexed, and I shall D()t 
say much more about it at present; but as I have stated that I am 
sure that there .were no 'causes of error in the facts themsel \Tes or the 
deductions dra-wn from them, I take this opportunity _ to say that 
1\11'. Galton has comn1Ïtted a grave error, in his very remarkable 
paper on "Heredity" published not very long ago, in which he 
stated that the Guinea-pigs ,vhich had epilepsy ",'ithout alteration 
induced in thpir nervous system lllay have acquired the disease by 
imitation, just as, it is well known, is too frequently the case in the 
human species. , 
First, all the cJJildren or adults who happen to lÎ\Te with epileptic 
patients and witne
s their paroxysms do not develop epilepsy; only a 
ver)T fe,v do so. This fact would show, therefore, that those ".ho do 
develop epilepsy have some tendency; hut the argument of JUl'. Galton 
does not hold good with regard to the first t,vo series of facts which I 
have reported, and specially in the case of the Guinea-pigs which in- 
herit epilepsy. How will he account, on the strength of his hypothesis, 
for the fact that, out of a couple of hundreds of young which w
re 
born from epileptic parents during the lapse of several ,yinters in Dr. 
Brown-Séquard's laboratory in Paris, and ,vhich I have very studi- 
ously ,vatched, only three became epileptic, although all lived to- 
gether and all ,vitnesscd the fits of their parents, and only those three 
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developed the n1ala<1y which ,vere born toeless? I regret, on closing 
this paper, not to be able to take the psychological aspect of the ques- 
tion, because it is very interesting in a forensic point of view, and as 
bearing on the question of resl)onsibility. 


... 


THE :ThlA.TERIAL RESOURCES OF LIFE.l 


By ALBERT B. PRESCOTT. 


T o be able to live, in any "way known to us, it is indisl)ensable to 
have a body. And, as living bodies come by growth and con- 
tinue by nourishment, it is first necessary to }lave D1aterials w"hereof 
bodies can be made-and renewed and kept in warmth and strength. 
Just these materials, ,vith permission of the reader, we will try to take 
account of, as resources of life. Life is not maintained "by bread 
alone;" other needful resources being known to l}hysical science, and 
still other resources greater than all being recognized by their results 
in life; but ,ve have the bread alone, as enough, certainly, to be con- 
sidered in the present article. 
Living things are in very deed made of "the dust of the earth; " 
but it is by no means all of the dust of the earth that serves this 
})urpose. 'Ve have to distinguish between substances out of which 
organized instruments of life can be Inaae, and a much larger nUll1ùer 
of substances never useel in the making of these instruments. 
'Ve have it in mind that Inatter is made up of 8iæty-tkree 8Í'lnple8. 
At all events, the earth's crust and air are constituted, substantially, 
of these sixty-three sorts of atoms, and, as a good many of the same 
are already revealed in the sun and stars by the spectroscope, it is 
likely that the)'" are the chief elements in the uni,-erse of matter. Of 
the sixty-three, certain elements, found only in very small quantities, 
appear to be of subordinate importance in that })ftrt of the universe 
under our immediate observation, whatever purposes they Inay fulfill in 
other earths or in the centre of our o,vn, or at other epochs. Others 
of the elmnents bear an important part in the structure of the globe 
or in the uses of mankind, but are not organizable n1aterials, and they 
are not in our present consideration. Of the sixty-three, only four- 
teen or fifteen shnple8, about one-fourth of those known to us, are used 
in the construction. of plants and anÍlnals. These, then, are before us, 
as the elen1ental resources of life. 
It ,vill be understood that the tissues are not built directly of these 
fourteen elen1ent8, but of their c/lemical comJJOUnd8. Each one of 
these compounds is a ..1efinite substance in .external character distinct 
froln its constituents, as, in a familiar example, water is distinct from 
I An address given hefore t
c Detroit Scientific Association, December 13, 1876. 
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the hydrogen and oxygen of which it is composed. The nunlber of 
these chcn1Ïcal C0111pOUllc1s built into living tissues is very great, a 
number uncounted. It is of thes(' cOlnpounc1 substances-of their 
lIlolecules-that the cells are builc1ed; builded by an action very un- 
like chen1Ïcal action and into shapes very unlike cbemical results. 
.A1::;o, it is by the consumption of these compounds of the fourteen 
elements that animal ,varn1th and activity are sustained. But, not 
turning asiùe here to question the chen1istry (the nlaking of molecules) 
going on in cells, or the vital organization (th
 buildillg together of 
molecules) going on in cens, not once lifting our eyes toward any of 
the dynamical sources of life, we bend our attention to fiud out, if .we 
can, tlte raw 'inaterial for cells, the inorganic resources of the organic 
,vorId. 
It is the organic world together, to be sure, that is able to subsist 
on the fourteen elements as these are given by the earth, the animal 
kingdom obtaining most of its material at second hand, as elaborated 
by the vegetable. The two kingdoms are, in the end, mutually de- 
pendent on each other in gaining sustenance froln the earth's supplies. 
"fhe fourteen indispensable sinlples n1ay be classified, in different 
,vays for different ends. There is a privilege of provisional classifica- 
tion, for the sake of conlparison and of acquaintance; and, ,vitlI the 
pron1ise not to Îlnpose our arrangement upon any other occasion, ,ve 
.would like, for the })urposes of our present qu
st, to divide tbe ele- 
mental resources of life into t,vo categories, as follo'ws: 1. Tllose S1'1)- 
plied so abundantly on tile earth.tllat all 'individuals sllare thC'}T/. alike, 
,vithout favor of fortune or forethought of nlind. "T e may nan1e them 
redundant resources. 2.' Those jYJ"ovided so sjJa1"ingly that indh.:iduals 
do not sllare tllern alike, but secure thelll by effort and by 
pportunity. 
They.may be tern1ed adequate resources. 
From the provision of the first class of materials, it results that, in 
certain great essentials of organization, all individuals are placed on 
a footing of equality 'with their fellows. It results from the })rovision 
of the second class of materials, that unequal qualities and quantities 
of organization are derived l!y different individuals of the saIne spe- 
cies. Through our redundant resources ,ye are t?-ught the comnlon 
hrotherhood of the created. Through our 3dequate resources come 
the assurances of our responsibility-our comn1Íssions as stewards of 
the earth. l\laterials given in a sUI>
rahul1dance that cannot be ,vasted 
constitute a dispcn
ation of mercy; its benefits falJing alike on the 
just and on the unjust, the lazy and the diligent, the foolish and tlle 
prudent. :I\laterials gi,'en in a cOlnpetence that n1ust be guarded con- 
stitute a dispensation of compensation; inciting to exertion, reward- 
ing for attainnH?ut, and training the po,vers of volition. By the first, 
the denlocracy of equal privileges anù inalienable posse
sion
 is nlain- 
tained; by the second, the aristocracy of merit is preserved. 
The re(1unùant resources so abound that they can have no ynlue, 
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in the sense of exc1}angeable value, in society; even though needed as 
they are in morc constant supply than those of the other class. The 
resources ,vhich are barely adequate are those which come to be objects 
of pcrsonal possession; they are the things of ,vhich mine and thine 
are declared, and it is because of them that title-deeds are dra"Tn and 
prices-current established. The substrata of poverty and of riches 
rest in the chemical elelllents. 
'Ylth the definition of each class in. mind, let us now consider the 
snpply of sonle of the mor'e important of the elmnental resources. 
From t.he fourteen, let us take at least three elements of each class, 
as representatives. For the redundant resources, we will take carbon, 
oxygen, and hydrogen. Then, for the adequate resources, we ,viII 
exan1Ïne nitrogcu, phosphorus, and potassium. 
Oarbon is the one element never left out of an organic compound. 
Its atoms are not only constituents, they are corner-stones of all the 
organic moleculcH. In the human body, thirteen parts in a hundred, 
or forty per cent. of the solids, are carbon. Look.ing for its supply, we 
see that it is obtained for the organic world by tbe plants, and from 
the carbonic-acid gas of the air. It is taken from the air chiefly by 
tbe leaf of the plant. flow much carbon is taken from the organic 
mould of the soil and fronl acid carbonates, through the roots, is per- 
haps not fuBy settled; but we are ,veIl assured that the main and sure 
resource of the plant for this element is the air. The 8upply, then, is 
as abundant and impartial as the open air itself. The carbon-material 
forms but a small part of the air, it is true, only about five parts in 
10,000; nevertheless, it is enough, at least for the average rate of 
vegetable nutrition. Carried around the globe in the viewless air to 
every plant alike, the carbon-atoms are snpplied for the framework of 
every cell in plant and animal. A dwarfed shrub or rootless lichen, 
cHnging to the crevices of a naked rock on a frigid shore, has at hand 
a good supply of the same resource that is furnished to a luxuriant 
pahn spreading from a tropic soil. 
Ana the carbon-supply in the 
tlr IS not a reservoir diminishing, 
ho,vever sIo\vly, from age to age; but, to be sure, it is a returning 
fountai:J, replenished from the exhalations of animnls and the decom- 
posing remains of all organized bodies. In K ature's economy, the 
same carbon-atoms are used -over and over again as material for or- 
ganization. This perpetual reph'nishlnent, a thrifty provision against 
future exhaustion, iR one 110t peculiar to cnrbon, but it is a provision 
made .in good deg
ee for everyone of the e]en1entnl resources of life, 
whether redundant or only .adequate in its Í1nmediate supply. 
That plants feed upon the carbonic acid of the air is known to the 
school-chil<1ren, and has been known to men for a hundred and one years 
at lea
t. Priestley, \vhose disco\'eries ,yere celebrated in the chemical 
centennial at X orthnmherlancl, Penns y lvania t,yO Y ears aO"o I )laced it 
, h , 
on record very cl
arly that" air vitiated by animall.espiration is a pab- 
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ulum to vegetable life." This was but the next year after Priestley's 
discovery of oxygen itself; yet to this day there lingers in our conl- 
mon thought an undefined impression that the carbonic acid of the 
air is just an impurity, tolerated because there is only a little of it, 
but an inlPurity that it ,vere as well to be rid of altogether. N ow, if 
the redundant resources of life were at our hUll1an disposal, ,ve might 
be in danger, some day, in the sheer forgetfulness of self-regard, of 
throwing away as an impurity the very foundations of sustenance. 
Some one, perhaps, 'would set forth that this gas when not diluted is 
Ï1nmediately fatal to human life; another would declare, "Once a })oi- 
son, ahvays a poison;" and another would ask why we should iIupcril 
our o,vn health for the sake of the plants. 
Oxygen was named next, among the primary resources, redundant 
in supply. It is a prominent constituent of all living tissues, forll1ing 
seventy-two parts in a hundred of the human body with its fluids. It 
is taken in two conditions: first, in combination, chiefly by the plantE: ; 
second, in the elemental state, by animals. In combination, it is taken 
by tbe plants from carbonic-acid gas, just noticed as a source of car- 
bon; îrom ,vater, to be considered as a source of hydrogen; and, in 
slna11er quantities, from a considerable number of other substances. 
The greater part of the .oxygen in anilnal tissues is obtained in the 
products elaborated by the plants. 
But for all animal life the most imperative demand is for oxygen 
in the elemental state. 
The other elemental resources are available only in their con1- 
pounds; oxygen does its best service when alone. The others serve 
life as materials for its- bodily tissues; oxygen has an additional duty, 
the maintellance of operations giving warmth and strength. The 
activities of life consume various materials, but n10st const-antly of all 
they demand a raw material of inorganic nature, a simple 111aterial in 
its primitive condition. This supply of elemental oxygen, a necessity 
for all animal life, is a necessity that is in1minent in direct proportion 
to yital acti vity, and for man is absolutely imperative. 'Vhen supplierl 
with oxygen, 'we can subsist days \vithout other food; when deprived 
of ox
;rO'en life fails in a few minute
. It is scarcely a figure of speech 
J b , 
to say that the breath is the life. The energy of oxygenation is told 
in every stroke of tbe heart. The food that is eaten does not raise 3n 
iota of bodily strength ,,"ithout the help. of the })ound and a quarter 
of pure oxygen that is daily inhaled. To breathe })oorly is to faint; 
to eat richly and breathe poorly is to suffocate and perish. 
The slIpply of elemental oxygen is certainly impartial and bountiful 
without reservation. It is Inoro than given-it is pressed upon us ; to 
escape from it is a ,york of toil and difficulty. No one is poor from 
want of it, or rich from gain of it. 'Vere it furnished for pay, all 
that a man hath would he give for an hour's supply of it. The poor, 
taken too-ether fare best in its use' while the ,vealth v , in tht'ir elabo- 
b , , J 
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rate contriyances to exclude the cold and wet and ,vina and glare of 
the weather, can make but slight impediinents to its distribution. 
One other elelllent ,ve were to inquire of, ainong the redundant 
Inaterials: the unit of chelnical nwasure:s, hydrogen. As light as it 
is, it makes over nine ,veights in a hundred of the body of Illan. It is 
obtained chiefly by the plants; mostly fronl water, but to some extent 
from alTIm on ia the latter hein 0' more notable as a source of another 
, . 0 
clement. 
"Tater is not quite always as free as air-failing the needs of the 
stationary bodies of plants more often than it does the wants of ani- 
mãls, and in the quantities taken as food by man l)ardly liable to. a 
notable value in exchange. As a substance not wholly gaseous, it is 
not easy to conceive how ,vater could be Inore abundantly supplied 
than it is, "\vithout being a burden and a hinderance to life. It is doubt- 
ful whether mankind would vote for any uniform increase in the quan- 
tity of .water on the planet. If ,vater was supplied in vapor more 
abundantly than it is, by having a lower vaporizing-point, the con- 
ditions of all life would be changed-the atmosphere would be put 
out of its adjustinent ,vith the organic creations. 
Some of the siinpler forms of life subsist almost wholly upon the 
three elelnental materials ,ve have had in consideration, ,vith a fe,v 
others of the plentiful resources; and living beings taken together 
use much larger quantities of these than of the substances more spar- 
ingly supplied. But, as to the relative importance of the two classes 
of resources, it can only be said that the higher forms of life can no 
more exist ,vithout the one than ,vithout the other. 
Of the adequate resources, nitrogen is needed by the largest nnm- 
bel' of living bodies ancl used in the largest quantities. It enters into 
nlost animal tissues and the 1110re complex of the vegetable products; 
being two and a half parts in a hundred of the body of man, or eight 
per c
nt. of its solids. It is obtained for the organic world solely by 
the plants, and obtained only froin cOlnbinations of nitrogen, the am- 
monia and nitrates of the air and the soil. 
The supply of this cOlnbinec1 or available nitrogen in the air is 
limited-enough for a measure of vegetation, but not near enough for 
the greatest gro,vth of food-plants and grains. The quantity of com- 
bined nitrogen carried by 
he rain from the air to the plant-roots ,va
 
found to be, in the rainfall of a year in Great Britain, equal to seven 
pounds of ammonia o
 an acre; another year it equaled nine and 
a half pounds per acrc. The constituents of wheat are such that 
twenty-four bushels require tho nitrogen of forty-fivc pounds of anl- 
IDonia; that is, for the crop on a given surface, about fhye tÏInes as 
much as the rain furnishes. Plants douhtless gather directly from 
the nitrogen compounds of the air ,vithout help of the rain, and 
obt3.in a larger supply from the organic inoulc1 of good soils; but that 
all these sources together provide harc1ly enough is pretty clearly 
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proved by feeding the roots of the plant with additional nitrogen 
compounds. On all but the richest soils, the 
uitable application of 
anllllonia or nitrates causes a notable increase in the quantity of food- 
plants, and also canses an increased proportion of the nitrogenous 
constituents of plants. If nitrogen compounds could be laid down 
cheaply enough, it woulJ auglnent the supplies of food and raiment, 
and the conlfort of man, in no small degree. 
Right here it COllles to lnind that uncombined nitrogen forms over 
three-fourths of the weight of the air-a provision of ahout eleyen 
pounds on every horizontal square inch-and a question rises, "'''Thy 
cannot the vital forces take hold on tlle- pure element and use freely 
from its most lavish supply?" 1Vell, because the universe exists. The 
stomach does not digest the carbon of charcoal; 1101' do the lungs 
take oxygen from water. To !)ro!)ose any alteration in tLe character 
of one of the sixty-three elements is to undertake the reconstruetion 
of the universe. It is the character of nitrogen to refuse chemical 
combinations. Uncombined nitroaen is nowhere available for \Tital 
. 0 
uses, to any appreciable extent. :Filling perfectly its humble service 
in Nature as a diluent in the air, its qualification is to be inert and to 
remain changeless. Among the resources of life and in the marts of 
subsistence ,vhere its compounds rank high in value, nitrogen as a 
simple has no place at all.' , 
This barrier between nitrogen and its compounds seems to hold 
firm from age to age. Out of the ocean of atmospheric nitrogen the 
})lant selects the scattering Inolecuies of nitrogen compounds and 
elaborates therefrom many nitrogenous substances. The animal elab- 
orates some of these into other compounds. But in the final decay 
of products and tissues, and food not assimilated, tl1e nitrogen of all 
returns again to ammonia
again in the aërial ocean, and ágain the 
resonrce of plants. If ammonia is oxidized in the air to nitric acid, 
the latter is deoxidizec1. in the soil to nitrous acid and then to alllnionia. 
All these conlpounc1s are very frnil, and change most constantly, but 
together they hold the little stock of united nitrogcn, losing little of 
it and gaining little for it, froln epoch to epoch. 
There are leal{ages, to and fro tIn"ough this remarkable barrier, it 
is true, but they are so snlan that little is known of tnem, except that 
they show the strength of the barrier that lin1Ìts them. On the one 
side, there is a little loss, by the liheration of traces of nitrogen in 
certain organic decou1positions. Also, -the explosive agents used ùy 
man in warfare and the arts result in the liberation of nitrogen-an 
expenditure of life-resources. On the other side, by the electrical 
disturlJances of the atmosphere, traces of nitrogen are brought into 
union. The roll of thunder indicates the restoration of a nlodicunl of 
that good material which ,vas ,nlsted for the roll of artillery. Again, 
it iR 1)elieved that in organic decay under restricted conditions some 
measure of nitrogen is brought into union with nascent hydrogen. 
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Chernical art has not (lone anything toward the appropriation of 
this obstinate element. Nothing uitrogenous can be made of nitrogen. 
The manufacturers depend on gatb
rings from the sparingly distrib- 
uteJ nitrates of the earth. As lnachinists have dreamed of l)erpetual 
nlotion, Eleeping chemists may dream of an invention to bring atmos- 
pheric nitrogen into use, that all the barren places may be made fertile, 
and the whole earth .flourish as a garden of fatness. But for this 
dream to realize the proportions of a fair probability it is quite essen- 
tial tbat chemistry should be well asleep. 
The chief commodities bearing nitrogen are nitre or saltpetre 
(potassium or sodiulll nitrate), and alDllionia. In HinJostan, the rich 
soil-mould, warm and alkaline, becoines thinly crusteJ with nitrate, 
,vhich is gathered and brought to market as East India nitre. Gun- 
po,vder, gun-cotton, and nitro-glycerine, as ,veIl as chemical products, 
are Iuade with it. In the 'Val' of 1812, Anlcrica ,vas thro,vn upon her 
o,vn sonrcps for gunpow"der-material, and enough nitre was found in 
the 
ave-deposit8 of the South western States,. Then France ,vas 
heinmed in by hostile annies, and had neither nitre nor cave-deposits, 
but it was after the work of "Lavoisier of imnlortal meillory," and 
the government put trust in chemistry. Berthollet and the rest soon 
justified the trust in the perfection of the" nitre-plantations "-beds 
of fann-refuse with wood-ashes exposed to the air. 
These })roducts, soil-nitre and compost-nitré, ancl the ainmonia 
obtained as a by-product in the manufacture of illuminating gas, 
serve their several purposes in the arts and al)plications of nlan, but 
their limited quantities do not warrant their addition to the soil for 
the increased growth of food. N o 'V, unlike these common supplies, 
the earth possesses a special resource for nitrogen in combination, 
anomalous in being fully mineralized and. remarkable in being both 
concentrated and extensive, a chain of nIÍnes full of nitre. On the 
Pacific coast of South Anlerica, extending froin the fourth to the 
fortieth degree of south latitude, about 2,400 miles along the slope 
of the Andes to the sea, in Bolivia, Peru, and part of Chili, there has 
been found a line of deposits of sodium nitrate, the" Peruvian nitre." 
The beds are of variable thickness, covered hy one to ten yards' depth 
of eart h and half-formed sandstone. The dry soil of the lnost of this 
rain]ess country is pervaded, in some degree, ,vith this deposit. The 
Inllll11niecl 1"Clnains of the old Peruvian people are emhalnled with it 
by thc earth in which they were buried; ana its crystals glisten on 
thos.c ghastly relicts ,vhich were presented in the Peruvian depart- 
ment of thc Centennial Exhihition, and those brought to tllÍs country 
by Dr. Steere. It has heen estimated t}lat in the province of Tarapa- 
ca, within fifty square leagues, the quantity of the nitre is not less 
than ()
,OOO,o')O tOllS. The appropriation of tl)is vast reSOHrce has 
heen taken up rather slo,,
ly, but has llluch increased fJr ten or 
twel ve years past. V 085018 laden with it go to the coasts of manu- 
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facturing countries. At Glasgow the ,yorks devoted to the produc- 
tion of ordinary saltpetre fronl the nitre of Peru, extend over acres of 
ground. In 1868, 100,000,000 pounds were used in Great Britain. 
As yet, it has been applied to the nourishment of crol's only to a 
limited extent. But this seems to be its chief destinatiou, and for 
this use it lies in the earth, a vast mine of "'Tealth, for the disposal of 
coming generations. ",Yhen multiplied po})ulation puts the sustaining 
power of the earth really to the test, this fund of sustenance on the 
Peruvian coast must COlne to out,veigh in value the gold and silver 
mines of the Californian coast. 
Of the several nitrogen compounds which nourish plants, ammonia 
yields the most immediately satisfactory results. And, of this fertil- 
izing luaterial, some wellnigh mineralized deposits must be counted 
in ,vith the earth's possessions. To take note of these ammoniacal 
materials, we have again to begin at Peru. Standing on the shores 
,vhich front the nitre-beels, anel looking west"ward upon the Pacifir, 
there are seen, as ,ve are told, the low patches of the Cincha Islands 
-islands which shine with the whiteness of a powdery covering, a 
loose deposit of considerable depth. A cargo of this substance 'vas 
first taken to London in 1840, stored and advertised for sale, and after 
a ,vhile thrown into the Thalucs. A second cargo ,vas tried as a fer- 
tilizer by an English farmer, and founel to give such nlarvelous results 
that the shipping company made good haste to contract ,vith the Peru- 
vian Government for the entire deposit. This article, well known as 
guano, has helel a settled value ever since its introdn
tion, anel, had it 
come into the 11ands of the alcheluists, it would, ,very likely, have been 
presented as an elixir of vegetable life. N ow, its worth is graded by 
analysis, and is indicated chiefly þy the l)roportion of ammonia it 
contains. 
The absence of rain ,vill account, perhaps correctly, for the un- 
usual retention of the soluble material characteristic of the guano of 
Peru; but the forn
ation of the nitre-beds of that region is a problem 
in geological chemistry more difficult to determine. There are evi- 
dences of volcanic overflow and of marine deposition, and the alkali in 
the cOIn pound may have originated in either of these or other sources, 
but neither the volcano nor the sea could furnish tIie nitrogen of the 
con1pound. If not from organic accumulations, we seem to be referred 
to the' air as the source of nitrogen, and l
ft to conjecture the condi- 
tions and forces ,vhich could bring elen1cntal nitrogen into union in 
so grcat a quantity. ,"Vithout pursuing these inquiries, it may be 
permitted to cite a fact 'which seems entitled to consideration in the 
case, namely, thc conditions for an unusual ovcrflow of atmospheric 
ammonia in this rcgion. It is fed by perpetual tradc-winds-winds 
coming from the southeast across a wide continent of soil that is rich 
to rankness, and warmed under a vertical SUllo Coming fronl t]1O 
Atlantic and saturated with water, these .winds gather the exhalations 
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of a continent, and then', shedding their water on the Andes, leave 
their ammonia (it m:t'y be supposed) to find its way by some Ineans 
to the valleys of the western slope. 
Again, these same mountain-valleys of Peru may claim to have 
given the ,vorh.l still another token of unexampled sources of nourish- 
ment, in the growth of the cincltona-t}.ee, bearing the richest stock of 
nitrogenous bases in the vegetable world. It seenls, indeed, lllore 
than a coincidence that this narrow,. rainless, ,vind-nurtured slope of 
lalld should send to all the earth three such eminent resources as 
Peruvian nitre, Peruvian guano, and Peruvian bark. 
Another of the materials adequate for no more than the needs. of 
life is pho8phoru8. This elelnent so far difters from nitrogen that it 
is not found uncon1bined in Nature, and if separated by art it inlmedi- 
ately enters into combination on exposure to the air. It occurs chiefly 
as phosphate of lime, taken from the mineral kingdom by plants and 
also by animals. The hard part of bone is about nine-tenths phos- 
phate, and phosphorus is an elelnent of molecl
les organized into mus- 
cle and nerve
 
The proportion of phosphates in the crnst of tlte earth below 
organic remains is very slight, insufficient for the support of the 
higher forlns of vegetable or animal life. It has been concentr'lted 
and gathered into the soil by the selective agency of the organic 
,vorlel, as it continues to be concentrated from the soil by each inc1i- 
vidual plant, and from vegetable products by each individual animal. 
Nearly all the phosphorus accessible on the planet has been a constit- 
uent of living bodies. Its proportion in the soil is a main factor in 
the gro,vth of cereal grains. Already, and 'with the stretch of land 
to the ,vestward, bone-earth and phosphatic guanos are "Tell known in 
An1erican markets. \Vhen phosphates fail at the root of the plant, 
grain fails at the n1ill; and w"hen, from waste at the mill, pho
phates 
fail in the bread, the bones and the teeth fail in g rowin cr hodies. The 
, 0 
ilnpro\'idence that leaves excretory phosphates to be washed away to 
the salt sea, farther from the reach of life than they were in the primi- 
tive rocks, is an improvidence that prepares an inheritance of poverty 
for after-generations. And the ruthlessness that permits the purvey- 
ors of fooLl to sift phosphates from the food of men does its part to 
enfeeble the present generation. 
There relnains to notice another repr
sentative of the adequate 
resources, pota88iurn. The statell1ents made as to the supply of phos- 
phorus, with some reservation, becon1e true for potassiull1. Certain 
of the rocks contain a proportion of it, but fron1 insolubility this is 
slo,vly available, and is insufficient for the neeits of l1igher organic life. 
The soils contain more, because tbe organic world has gleaned for 
the soil. Potassa and soita are two alkalies which replace each other 
in the laboratory at the convenience of the ch(1mist, but, in the choos- 
ing of the li\'ing cell, one of these is always taken and the other left. 
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1Ve get potassa free from soda in the ash of a tree .which grew. in a 
soil having more soda than })otassa. From 1,ea-water, containing 
near 200 parts of soda to one of potassa, the sea-\yeeds furnish an ash 
having t\VO to twenty tilnes more potassa than soda. From the blood 
of man, having ten to fifteen thues more soda than potassa, the 
muscles obtain a conl})osition of six or seven times more potassa thnn 
soda. 
This gleaning is good proof of the value of more, and the evidepce 
is confirmed by the application of potassa as a fe
tilizer. The stock 
of potassa-which is used somewhat in the arts-is derivec1 mainly 
from the gatherings of the organic ,vorld. The ash-"wagon takes up 
the savings of the hearth. In France the washings of sheep's-wool 
are saved, and 160 pounds of good potassiunl carbonate are obtained 
from a ton of the ,vool. In the pioneer life of this country, the bouse- 
,vives have burned corn-cobs and takcn the ash for baking-powder, 
eighty per cent. potassium carbonate, and preferable to the" dietetic 
saleratus" now used. Should the ash of the entire corn-crops of the 
United States be taken without loss, it is estimated tbat over 100,- 
000,000 pounds of potassium carbonate 'would be obtained. In the 
salt-beds of Stassfurt, Gernlany, there is a good proportion of potas- 
sa, and the use of this supply has been steadily increasing, both as 
material in manufactures and as a fertilizer. 
At the present time, the market value of the resources of life 
engages little general attention. There is a narrow branch of com- 
merc
, wherein the prices-current of the three elemental materials 
which we have taken as "adequate resources" are the values con- 
stantly under calculation in, daily business. In this guild, one sells 
nitrogen at thi rty cents, another offers phosphoric acid at fhyoe cents; 

nd all parties have a tacit understanding that the values of nitrogen, 
})hosphoric acid, and potassa, are to each other about 38 six, one and 
a h31f, and one, and that these are the only values to he considered. 
Tbe technical terms of any profession or pursuit are jargon to the 
general ear. But hearing a man say that he "sold a hundred tons 
of rectified Peruvian at thirty-one cents for nitrogen, this morning," 
it is not so much as understood in .what sort of busin
ss such jargon 
belongs. 
Thinldng of the multiplication of life and the .waste of its resources, 
it seems that, in the tinlc coming, the phrases that teB the í-ise and 
fall of value in commercial fertilizers máy find some general rccogni- 
tion-may even }lave as murh meaning for everybody as the terms 
of the gold-market and the silver-stocks. 
It is only about a hundred years since man began to attain such 
definite kno,vledge of the components of Inatter as enables him to 
trace (,ve l>y no means say to understand) the transmutations of earth 
ana ail' into tissues fit for life. Thirty-
ix years ago, Liebig conl- 
menced giving the people the first really systematic le
sons upon tLe 
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rnaterial resources of life. Seeing the value of a knowledge that 
goes belo,v the surface of things, in 1 
52 he wrote his conviction that, 
"ere 10))0' a kllowled(fe of the l )rinci p al truth of chemistr y ,viII be ex- 
0' ö 
pected in the political econon1Íst and statesman, as it already is held 
indispen:sable to the manufacturer and physician." And, seeing the 
meanings and the mysteries that cluster arounù the prinlary fonDs of 
matter, he "'Tote at another time: "It is not the mere practical utility 
of these truths ,vhich is of importanc.e. Their influence upon nlcntal 
culture is most beneficial; and the vie,ys acquired by knowledge of 
them enable the mind to trace, in the phenomena of Nature, proofs 
of an infinite wisdom-for the unfathonlable depths of ,,
hich language 
has no expression." 


... 


TIlE ZODIACAL LIGHT.! 


By PROFESSOR C. E. BRA:\IE, A
 M. 


T IlE purpose of this contribution is to draw attention to a phe- 
. nomen on ,vhich has received too little notice, and h
s been 
strangely neglected by astronomers, but ,,
hich, in fact, if the conclu- 
sions of the author of the work under review are correct, is to the 
inhabitants of the earth one which elnanates from a very near and 
remarkable cosmical body. 
The third volullle of " The United States Japan Expedition" 
records a series of observations on the zodiacal light, which ,vere llulde 
by Rev. George Jones, A. 1\1., chaplain in the United States Kavy, 
from April 2, 1853, to April 22, 1855, during ,,
hich time he aCCOln- 
panied that expedition sent out by the United States Government, 
under the command of Connuodore 1\1. C. Perry. It also contains the 
observations and theories of other a
tronon1ers, particularly those 
made by the celebrated Don1Ïnicus Cassini, a distinguished savant of 
the seventeenth century, attached to the Royal Observatory at Paris, 
who was the greatest cosmologist of that age. 
The deductions of our author are-I. That the zodiaca1 light is 
emitted by a neb.ulous ring, with the earth for its centre; that is, there 
is a ring of nebulous matter around the earth; 2. That coo is the full 
,vidth of the stronger ligl}t, and 90 0 its full width including the dif- 
fused light; 3. That it is on both sides of the ecliptic; 4. That it may 
be seen in SOlne latitudes under favorable circumstances, forming a 
continuous arch across the heavens; 5. That. it must rotate on a com- 
I Third volume, United States .Japan Expedition. "Obser\ations on the Zodiacal Light 
from April 2, 1833, to April 22, 1855; made chiefly on board the United States Steam- 
frigate 
lississippi, during her Cruise in th
 Eastern' Seas and her Voyage homeward; with 
Conclusions from the Data thus obtained," By Rev. George Jones, A, M., Chaplain, U. S. 
Navy. 
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mon centre, and seems full of commotion within itself; 6. From ob- 
servations made then and afterward at Quito, in South Alnerica, that 
it is not entirely dependent on light reflected from the sun, but mllst 
shine partly by its own light. 
These conclusions are given to the public ,vith much diffidence, 
and with strong arguments to support them, based on a large accumu- 
lation of facts ascertained by the most careful observation. 
Our chaplain became intensely interested in this investigation, and 
has recorded three hundred and t,venty-eight o
servations on stereo- 
typed star-charts, published ,vith the volume. Sometimes, when un- 
able from sickness to go upon deck, he ,vas carried in his cot, that he 
might have an opportunity of noticing this intensely interesting phe- 
nOlnenon. As the voyage ,vas one .which circumnavigated the globe, 
he had a most favorable opportunity to prosecute his examination; 
and his recorded statement embraces a most minute and faithful ac- 
count of his observations in nearly every longitude, and over a tract 
extending from 41 0 49' north to 53 0 48' south latitude. 
After the return of the expedition he sought the earliest occaRion 
to go to Quito, in South America, which is directly on the equator, 
where he sa,v the light extending in one continuous arch across the 
heavens. During his residence there he published several articles in 
Silli
nan'8 Jou
'nal on "The Zodiacal Light," .which gave additional 
interest to the subject. 
If anything since then of importance has appeared in any scientific 
journal OIl this subject, we have 'not met with it. Having for oyer 
t,venty years considered it, and being anxious that more information 
:1nd more confirmed conclusions should be arrived at concerning it, 
,ve invite the attention of the leal'ned and observing to the considera- 
tion of this subject. We believe that there is no physical truth which 
stands isolated, but every ne,v discovery in l)hysical science opens tl1e 
way for other truths and discoveries. If naturalists can spend days 
and ,veeks in examining and comlnenting on a new discovery in 
botany or zoölogy; if foreign countries are visited, forests and moun- 
tains traversed, to bring to light some hitherto unknown plant; if it 
is a triumph for a naturalist to discover a new speci_es of microscopic 
anin1alcula-surely it is not time .wasted to direct attention to a cos- 
mical body so interesting as the zodiacal light. 
Astronomical science is full of attl'.active interest to every loyer of 
X ature. It is not astonishing that the study of the heavens is the 
oldest natural science. At an early period of the ,vorld's history the 
human eye and intellect ,vere direc.ted, ,vith absorbing interest, to the 
azure arch above us, amid whose vast expanse orbs of grandeur are 
unceasingly running their ,vonderful courses. The stars, bean1Ïng 
with inextinguishable brilliancy, are known to be oceans of flames and 
centres of worlds, though apparently but points of light. The planets 
,vere known to the ancients to be nlore identified with our world tllan 
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other stellar bodies. Traversing space with inestimable velocity and 
performing their revolutions with unvaried regularity, they have long 
been known as part of our solar system. It seems strange that a cos- 
mical body so near the earth as the zodiacal light should have re- 
ceived comparatively so little attention. 
As many ,vho read this article have never seen this light, it is 
necessary that it be described. 
It is defined, in the work under r.eyie,v, to be "a brightness that 
appears in the ,vestern sky after sunset, and in tbe east before sun- 
rise; following nearly or quite the line of the ecliptic in the heavens, 
and stretching upward to various elevations accordin-g to the season 
of the year." There is a slight objection to this definition, l)y which 
inexperienced observers may be led astray. It is S!)Okell of as appear- 
ing after sunset, by which sonle ,vould be led to suppose that it is 
visible ÏInmediately after sunset; ,,'hereas it is never to be seen until 
after the night has fully set in, and the sun's rays are some distance 
below the horizon. Its varied elevation, indeed its appearance, is also 
dependent upon the latitude of the observer as well as the season, so 
much so, that in very high latitudes it is but seldom seen to advantage. 
It has also been seen at almost every hour of the night, but is usually 
more distinctly seen in tbe tenlperate zones, when observed between 
dark and nine o'clock, as after that hour its light frequently becomes 
dim and diffuse. 
"It appears to best advantage when the ecliptic makes its highest angle with 
the spectator's horizon, at which time, in moderate latitudes, it reaches to the 
zenith or beyond it, having near the horizon a striking brilliancy, and thence 
fading upward, mostly by imperceptible degrees, till at its vertex it can be made 
out only by a careful and experienced eye. As the seasons advance, when the 
ecliptic is declining gradually toward the horizon, the zodiacal light fades away 
till it is perhaps entirely lost to view, or can be seen only by those who Jlave 
foUowed it in its changes, night after night, and are thus able, by familiar ac- 
quaintance, to detect and trace its dim markings in the sky." 


Hlunboldt, in "The Cosmos," vol. i., remarks: 
"Those who have been for many years in the zone of palms must retain a 
pleasing impression of the mild radiance with which the zodiacal light, shoot- 
ing pyran1idicalJy upward, illumines a part of the uniform length of tropical 
nights. I have seen it shine with an intensity of light equal to the milky-way 
in Sagittarius, and that not only in the rare and dry atmosphere of the summit 
of the Andes, at an elevation of from 13,000 to 15,000 feet, but eyen on the 
boundless grassy plains, the llanos of Venezuela, and on tbe sea-shore beneath 
the ever-clear sky of CUll an a." 


Prof. Olmstet1, in his" Astronomy," describes it as follows: 
" Its form is that of a luminous pyramid, having its base toward the sun. It 
reaches to an immenst.; distance from the sun, sometimes even beyond the orbit 
of the earth. It is brighter in the parts nearest the sun than in those that are 
more remote, and terminates in an obtuse apex, its light fading away hy insen- 
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sible gradations until it becomes too feeble for distinct vision. Its aspects vary 
very much with the season of the year." 


The crepuscles, or streaks of light from the snn, must not be mis- 
taken for the zodiacal light ; the former are sometimes visible between 
t,,
ilight and dark, the latter not uutil the shades of night have fully 
set in. Neither lllust the n1Ïlky-way be mistaken for it by inexpe- 
rienced observers, as the zodiacal light has a ,varm yellowish tinge 
unlike the cold white light of the nÜlky-'way. 
I-Iaving endeavored to open tbe w'ay for a consideration of the 
subject
 we willno,v proceed to give a history of forIller obse 'vations. 
There i:s no mention of any appearance of this light by yery early 
'writers. There is mention of Arcturus and the bands of Orion in the 
book of Job, and the constellations of the zodiac were assigned names 
at a very early date. The zodiacal belt ,vas in use among the ancient 
Egyptians and Hindoos. If this light bad been visible, it is highly 
IJrobable some ancient ,vriter 'would have spoken of it. Our author 
observes: 
" It is scarcely probable that a phenomenon so striking in southern latitudes 
should have escaped the attention of early astronomers in those countries, but 
we meet with nothing in their works (referring to it) of a fully definite anù re- 
liable character." 


lie is, however, of the opinion that it may }]ave been overlooked 
or mistaken for the crepuscle at early dawn or twilight. 
It has been supposed that Pliny, who wrote in the first century 
of t11e Christian era, alludes to it under the lUlnlC of trabcs or the ðOKOVÇ 
of the Greeks, but Humboldt thinks that Pliny refers to another mat- 
ter. 
Ammonius, in his life of Charlemagne, Â. D. 807, mentiotts an ap- 
pearance sOllle,vhat like the zodiacal light, but there was no reliable 
notice of it hefore it ,vas described in Childrey's" Britannia Baco- 
Dica" in 1661, which gh'cs a brief description of its appearance .and 
shape. The reference to it may be found in that "ork, at page 183. 
It was reserved for Cassini to direct attention to its examination 
for the first time ,vith earnest inquiry and interest. IIis first notice 
of it ,vas on the ev
ning of the 18th of 1\larch, 1683. lIe "
a.s 'watching 
in the west for other thinas, but ,vas struck with the appearance of this 
ö . 
luminous streak reachino- far U p in the skv. Like 1110st discoverers, 
o .. 
Cassini immediately formed a theory in regard to it after making but 
ten observations. This hypothesis, based on very insufficient data, 
has continued to the present time to influence the opinions of astrono- 
mers, and has retar<1ed interest in ohserving its phenomena. Like 
most theories of the heavenly bodies in their first origin, it 'was doubt- 
less erron
ons, and, like the Ptolen1aic theory of the solar systenl, it 
has nlaterially interfered with the establishn1cnt of a correct knowl- 
edge of what is the truth. 
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Cassini discovered very soon that as time advanced through l\Iarch 
and 
\.pril, the upper or northern edge of this light inclined more alid 
lnore from the ecliptic, ana stretched farther to the northward; and 
knowing that the sun's equator, as shown by his spots, ,vas also then 
stretching off from the ecliptic in a similar ,vay, he came to the con- 
clusion that the substance giving this ligbt was closely connected 
,vith the sun's equator, and "Tas consequently changing its position 
with regard to that equator. 
He argued, furthe
, that as the sun has an atmosphere, and is there- 
fore capable of emitting dense vapors, and is continually sending out 
matter of exceeding fineness \vhich ,ve call light, consequently this 
huninary might also, by its lTIotion on its axis, send out a substance 
intermediate in character hetween tbe two; which substance, either 
self-luminous or by reflection, might give us tbe zodiacal light. "fo 
support this theory, he gives to this body a lenticular shape, about 
twice the thickness of the sun as seen in l\Iarch, but only of the sun's 
thickness when seen in June. 'Vhether he meant to have this len- 
ticular-shaped medium to be attached to the sun, and reyoh-ing ,vith 
it at the same time, is not apparent. lie devoted a part of his time 
for about eleven years, in a very desultory manner, to observing this 
light. 
Cassini's labors led other observers to direct their attention to the 
zodiacal light. Fabio de Duillier, who ,vas his colleague for a ,vhile 
at Paris, is worthy of particular notice, as having conceived tbe idea 
that it consisted of particles of Inatter distinct from the sun, and 
arranged in shape like a solid zodiac; which body of uneven sur- 
faces, and rotating round the sun, he supposed, gave us the zodiacal 
light. 
In 1731 l\fairan gaye considerable attention to this subject in a 
,york on "The Aurora Borealis." He advanced the theory that this 
light is reflected from the sun's atmosphere, stretched out iuto a flat- 
tened spheroid or lenticular-shaped body, revolving with the sun-an 
idea which Laplace has forever set at rest by denlonstrating that the 
sun's atmosphere Citn extend no farther than to the orbit of a planet 
whose periodical revolution is performed in the saIne time as the sun's 
rotary motion about its axis, or in twenty-five days and a half; that 
is, only so far as nine-t,ventieths of 
Iercury's distance from the sun. 
Since the time of l\Iairan, until 1853, but little attention appears to 
have been given to this subject. In 1833, however, Biot, in order to 
account for the mcteor-sho\ver of that year, attempted to sho,v that 
. the shower was owing to the earth's passing at that time near the 
node of the zodiacal light. But calculations were made l)y J. C. 
I10ussean in order to see whether the nodes of the sun and the zo- 
diacal light do actually correspond. After careful observations and 
calculations, in which he was a
sisted by nine diJigent observers, 
Rousseau thinks he has shown that these nodes are different and that 
- , 
VOL. XI.-23 
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therefore" the supposition of the existence of this light in the plane 
of the sun's equator does not satisfy the obs
rvations Inade." The 
closing .sent
nce of his very interesting article gives the first intima- 
tion that tbe zodiacal light has a near connection .with our globe. 
Rousseau says: 


"One is struck, witbout doubt, with the near approach, which our elements 
show, between tbe line of nodes of tbe zodiacalligbt and that of the nodes of 
the terrestrial equator upon tbe ecliptic. This circumstance, as far as it is veri- 
fied, may help to explain the causes of tbis luminous phenomenon-causes which 
are, it may be, more local than has hitberto been supposed." 


This notice is the only one, of any importance whatever, that was 
taken of the zodiacal light for many years, with the exception of 
some experÏ1nents made to ascertain whether there is any heat con- 
nected with it-experiments ,vhich 've think resulted in establishing 
the fact that h is near enongh to emit heat sufficient to affect a ther- 
mo-electric pile of twenty-five pairs, causing tho needle of the galva- 
nometer to indicate 12 0 when the pile "was directed to.ward the base 
of the zodiacal light. 
'\Ve conle now to a consicleration of the observations taken dur- 
ing the cruise of the Japan Expedition, and ,ve hope our readers 
are not ,yeary of the subject; for, if it can be demonstrated that 
we have a ring of nebulous matter around our globe at a distance of 
150,000 to 200,000 miles, there are many inquiries growing out of 
that fact full of interest, and yet to be answered by experiment 
and induction. It will be a matter, then, to be considered whether 
it is self-Iuminous-that.is, of tho nature of the sun's photosphere- 
or ,vhether it shines only by reflected light, like the rings of Sat- 
urn; whether it is increasing or diminishing in magnitude and ex- 
tent. If it is shown to be self-luminous, ,ve will theu ,,'"ish to know 
whether it may not be ,,
idening anil extending itself, at the same time 
increa
ing in its capacity to emit both light and heat, until it envelops 
the entire globe, modifies clinlate, melts the icebergs and snows of 
northern latitudes, and dispels darkness from our globe. We n1ay 
inquire, too, whether it may not be used as a grand instrument in tIle 
bands of the Creator for the future developnlcnt of 11is purposes in 
regard to our globe. It may also be an inquiry ,,-heHler it does not 
already influence the magnetic state of the earth, and play an impor- 
tant part in the causes producing the aurora borealis. These and 
many more similar questions will arise from the establishment of the 
fact that the zodiacal light mnallatos from a ring of nebulous matter 
so near our earth. Let us, then, give our author a close examination 
and a patient hearing, that we may be enabled to form a correct judg- 
ment as to the truth of his deductions. 
"\Ve have not space to present all the reasoning by which our author 
sho'\ys that -the zodiacal light cannot be produced by a ring of nebu- 
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Ions mattcr revolving round tbe sun, cithcr within or beyond the orbit 
of the earth. 
lIe starts ,vith the proposition that such a ring Inust be either-I. 
\Vithin the earth's orbit; 2. Surrounding the earth; or, 3. "Tithout 
the orbit of the earth. 
It cannot be within the earth's orhit; if so, ,ve could never have it 
at any great altitude at any period of the night, and we could never 
have the zodiacal light at midnight on both horizons simultaneously. 
'Ve omit the diagram constructed for the consideration of the 
theory which supposes this ring to be around the sun and beyond the 
o1'bit of the earth, by ,vhich he shows that this supposition will n"ot 
account for the lateral changes observed in the zodiacal light. He 
says: 
" The query arises, 'Can such lateral changes, so uniformly observed, as the 
evening or. morning advances, agree at all with the iùea of a nelmlons ring 
giving us this light at a distance from the spectator of 160,000,000 or 180,000,000 
Iniles?' A ring of tIle character supposed, it seems to me, could give us a zodi- 
acallight only of one uniform shape, namely, with the opposite borùers receding 
from each other for a short distance from t11e apex, and then running parallel, 
one to the other, the whole way down to the base. Nor could the hourly 
changes of time produce any other changes in these boundaries than a rising or 
sinking of the apex of the light; the boundaries, say at nine o'clock P. l\I., ex- 
tending a little higher in the sky than at eight, and so continued, with a parallel- 
ism of the opposite sides, down to the horizon. How different this fron1 the 
true facts of the case! 
"The evident and most decided connection between these boundary-lines 
and the spectator's place, as regards the ecliptic, iH also 3. matter of the greatest 
significance in drawing our conclusions in regard to the origin of this light. 
Now, supposing the base of the zodiacal light to be at a distance of 200,000,- 
000 miles, how is it possible that the fact that the spectator is a short distance 
north or south of the ecliptic can govern the reflection from the nebulous 
ring at that immense distance, and place it on his side of the ecliptic? If he is 
on the north side of the ecliptic, not only is tIle main body of the light down to 
its base on that side, but the lateral changes of the boundaries, as the hours pass, 
are altogether or chiefly on that side; and so equal]y with the south. If be is 
on the ecliptic or near it, the zodiacal light stretches equal1.r, or nearly so, on 
each side of that line. Also, if he changes rapidly during the nigllt to or frOlll 
the ecliptic (as was the case on shipboard) the boundaries of this light also 
change, being regulated by his ,motion (from one place to another). That the 
apex of the zodiacal light, from such a ring around tIle sun, mip:ht be so affected 
by tbe spectator's position is not unreasonable, but that the boundary-lines should 
be so affected seems to be utterly inadmissible. 
" It is worthy of remark, also, how e\'en and uniform, from apex to base, the 
change in the boundary-lines is as tIle hours change; as if the substance giving 
the zodiacal light were not only near, but also at one uniform distance from 
the spectator; the portions of it at the apex and base of the Jight all equally 
affected by his changes on the earth." 
He shows by Douguer's law of reflectec1 ligllt that the zoc1iacal 
light, if from a ring of nebulous nu1ttcr beyond the earth's orbit, 
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"
ould emit a light of the same intensity the ,vhole way froni the base 
to the apex. But another law of optics, that the strength of light is 
in \-ersely as the squares of the distances of the object affording the 
light, would here nlake its application; and this ring, at our zl'nitll, 
being by that supposition about 140,000,000 llliles nearer to us than 
at the base, we should then have the zodiacal light far more intense 
at the apex than at the base; all of ,vhich is entirely opposite to the 
facts of the case. 
He offers, no,v, as a last conclusion, the hypothesis of a nebulous 
ring 'Lcith the eal.t/
 for a centre. He lllakes certain deductions from 
the exanlÏnation of the preceding theories. L 
"They are-I. That the substance giving us the zodiacal light lliust be 
equally near to us in all its parts, inasmuch as the lateral changes of the light, 
i. e., the changes of boundaries, l)ave a unifornl charaeter anù mostly a parallel- 
ism in their w hole extent from apex to base; 2. That no part of this substance 
can be very remote from us, inasmuch as the out1ines of the light were clearly 
and sensibly affected by Iny own position on the globe, and even by my change 
of position in a single night; and, 3. That the laws of reflected light require an 
arrangement or a shape of this nebulous matter which will give us, at the base 
of the zodiacal light, larger angles between the lines of the incident and re- 
flected light than at other portions, and also a regular decrease of such angles 
from the base to the apex .of the light, as produced by such a'shape. These 
three requirements appear to be fully met by an hypothesis which, if the theo- 
rie:, examined are untenable, is now the only one remaining to us. 
" The hypothesis is that the zodiacal light is a ring al}'ound the eal},th. 
" The thought is a somewhat startling one, yet start1ing only from its novelty; 
for it is entirely in accordance with what we know of our sister planet (Saturn), 
and also with the whole of Laplace's celebrated theory of the formation of 
globes." 


'Ve win not take up time and space with quoting his application 
of that theory in explaining some of the phenomena of this light. 
Avoiding the consideration of these topics, w"e will proceed to apply 
the result of Bouguer's experilnents on reftectec11ight to this case. 
In the annexed diågram he takes an observation made on the 4th 
of September, 1854, as an example, for the reason that it is a simple 
one, and one also in which the spectator is near the plane of tIle cc1ip- 
tic. It was made in latitude 22 0 18' north, longitude i14 0 10' east. 
The s:un rose at 5 h 48 m . The stronger light was at 3 h 30 m to 4 h 30 m , 
the diffuse light at 3 h 45 m . Sun's longitude 161 0 35'. The horizons at 
4 h 30 m , 3 b 30 m , 2 h 30 m , and 1 h 30 m , and at midnight, are given, together 
,vith the line of the spectator's vertices, as wen as his positions 0, 0, etc., 
at 4 h 30 m and3 h 30 m . A, B, C, F, are the boundaries of the zodiacal light 
at 4 h 30 m , and E, F, G, at 3 h 30 m ; the apices C and G are carried a lit- 
tle above the more condensed portions of the ring; but the reader is 
at liberty to suppose them to be at any other part, as he may think 
b Tl d . . t ' h .. 1 S ' S " S '" S "" 1o.:J.'"'' . 
est. Ie .Irechon 0 t e sun IS gIvcn; an( , , , , IV , al e 
supposed to be rays of ligl1t proceeding from tI}at huninary. 
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In this diagram, the sun's rays being S', S", etc., no, FO, etc., 
will be the reflected rays; and the several angles between these line::; 
of incidence and reflection, together with the number of rays reflected 
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NEBULOUS RING, WITII THE EARTH FOR ITS CE
TRE. 
[The re1ative proportion8 of the earth and the ring, and a1so its distance. are of course not given 
in this diagram with any effort at certainty; the upward exteut of the ring- is probably far 
greater than can be here repre8ented. FJ.'he diagram it::, however, sufficiently correct for our 
present purpo
eB of elucidatiou.] 


to the eye, out of eyery 1,000 incident rays, according to Bouguer, are 
in the following table: 


ANGLE. 


Ra\"s reflected from 
Smooth Water. 


Rays reflected from 
Platè-gla
s not quick- 
silvered. 


S', BO.. . . .. . . . . . . 
S", } '0. . . .. . . . . . . 

"', DO.. . . . . . . . . . 
S"", no. . . .. . . . . . 
S"''', at midnight.. . 
S""') CO. . . .. . . . . . 


161 0 . . . . . . . . _ . . .. . . .. . . . 
146 0 .............. ..... 
13]0................... . 
116.................... 
90 0 . . . . . . . .. . . .. . . .. . . . 
67 0 ................... . 


343 
184 
101 
5H 
18 
18 


422 
270 
162 
10:5 
25 
25 
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" We find in the above table 3 strong argument for such a ring around the 
earth. The figures, taking either of the two columns, ,for water or for glass, 
correspond. in 3 very striking degree with tIle varying intensity of the zodiacal 
light from the base upward, as we have it on any clear morning or evening when 
tIle ecliptic is at a high angle with the horizon, and when, consequently, the 
nebulous figure is not brought angularly to our eye. They also correspond to 
what is, indeed, almost 
JnonYlllOUS with what lIas been stated-namely, to the 
fact that at 4 h 30 m the zodiacal light at the horizon is far greater at its base than 
it is at 3 b 30 m ; at 3 h 30 m tuan it is at 2 b 30 m , etc., back to midnight, Any person 
who has ever looked attentively at this light ''then making a high angle with the 
horizon will see at once the coincidence between the proportions of the figures 
in the above table, showing the number of reflected rays, and what 'has been 
always presented to the eye. If the reader will also carry these lines of incident 
and reflected light beyond the midnight horizon-line, to any point there of the 
nebulous ring, he will see how we may easily get what is referred to in my 
charts under the German name of Gegenschein, i. e., dim light seen, when the 
circumstances are favorable for it, in those portions of the sky opposed to the 
sun. This hypothesis shows also very clearJy how I could have the zodiacal 
1ight above both horizons at the midnight hours, as I was often able to do, and 
it harmonizes fuBy with the strength of the light as then presented to the eye. 
"\rhile there are sonle things still left unexplained, I have yet not been able to 
see anything in this hypothesis antagonistic to the facts of the zodiacal light. 
On the contrary, almost all of them are explained by it; find they all, as I can 
perceive, fully harmonize with it through the whole of the manifold change 
which the light underwent, either from the changes of the ecliptic toward any 
fixed point, or from my numerous and great changes of lfititude during our 
cruise. 
"If we could have a zodiacal light of an undoubted character produced by 
the full moon, not only would t11e question before us be set at rest, but the ring 
would be shown to be within the orbit of the moon, and how near we Cfime to 
a case of the kind on the e\ening of February 14, 1854-, the reader win decide 
for himself. . . . 
"This ring must, according to the laws of matter, rotate on its centre; anti 
it must be full of commotion within itself. The existence of )J1Ûsations seems 
scarcely to admit of a doubt, recorded as they haye been by observers in such 
distant quarters of the globe." 


In conclusion, wre would say that two simultaneous observations, 
made in equatorial regions-for instance, one by an o
)server at Quito, 
and another by an observer on the is]and of SUll1atra, in ,vhich both 
observations presented the zodiacal light strctc}1Ïng as an arch across 
the heavens frolll east to west-.wou]
, it seenlS to us, den)onstrate 
the fact that it is a ring around the earth. Now, if 01)servations taken 
in almost every space of 15 0 of longitude 113ve l)con maùe and its 
existence demonstrated, does not that anlount to about the salnc 
thing? 
'Ve leave the subject, inviting inforITIation and discussion fronl all 
who are informcd in rpgard to this long-neglected phenomenon. 
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DR. B,A.LFOUR STE"r AnT. 


A 
IO
G English physicists Dr. llALFOUR STEWART holds a dis- 
tinguished place for the originality and extent of his experi- 
Inental researches, the grasp of his subtile and comprehensive inqui- 
ries, and the boldness and freeùom of many of his speculations. 
He ,vas tbe son of a merchant, anù ,vas born in Edinburgh, 
N ovelnber 1, 1828. At the age of fourteen he went to the University 
of St. Andrews, and afterward to tbat of Edinburgh, from which he 
graduated. During his college course he paid a great deal of atten- 
tion to pure mathematics, and is credited with having rediscovered, 
independently of books, La Grange's method of dealing with the dif- 
ferential calculus. After leaving college he spent four years in a mer- 
cantile house, and was for two or tbree years in Australia; but his 
father's preference that be should be a merchan,t did not coincide with 
his own inclinations, and he at length determined to devote his life to 
physical science. 
On his return from Australia, he was so fortunate as to secure the 
friendship of the late Principal Forbes, and became his assistant in 
Edinburgh for three years, 1856-'57-'58. 
Dr. Ste,vart has been Director of the l\Iagnetic Observ:1tory at 
l{ew, ,vhere he has made numerous and important magnetical observa- 
tions in connection ,vith the elninent physicist, 1\11'. 'Varren De la Rue. 
He is Professor of Physics in O\vens College, 
1anchester, a Fello\v of 
the Royal Society of Great Britain, of the Astronomical and ß1eteoro- 
logical Societies of London, and of various learned bodies 011 the 
Continent and in the United States. lIe received the degree of 
LL. D. from Edinburgh University, and in 1868 the Rumford .l\1e<1al 
of the Royal Society for his researches in light and heat. 
Dr. Stewart has been a very active worker in the scientific field, 
and is the author of many publications, especially in the branches of 
meteorology, magnetisln, and solar physics, of which tbe following 
are the most important: 
Papers connected 'Witl
 Heat and Liglzt.-l. An Account of Some 
Experiments on Radiant lIe at, involving an Extension of Prevost's 
Theory of Exchanges (Transactions of Royal Society, Edinburgh, 
1858). 2. Rcsearches on Radiant lIe at, Sccond Series (Transactions 
of Royal Socie
y, Edinhurgh, 1859). 3. On the Light }'â(liated by 
Heated Bodies (Proceedings of Royal Society, London, 1860). 4. On 
the Nature of the Light emitted by IIeated Tourmaline (Proceedings 
of Royal Society, London, 18(0). 5. Internal Radiation in Uniaxal 
Crystals (Proceedings of 110yal Societ.y, London, 18(1). 6. Rcport 
on the Theory of Exchanges (British Association, 1862). 
Papers connected witlt .J.1Ieteorology, _1Iagnetis1n, and Sun-spots. 
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-1. On an Instrument for measuring Fluctuations of Temperature 
(Proceedings of Royal Society, London, 1856). 2. Reduction of 
l\lakel'stowll l\Iagnetical and l\leteorological Obseryations, from 1847 
to 1855 (Transactions of Royal Society, Edinburgh, 1860). 3. On the 
)lagnetical Survey of Scotland undertaken by the late l\Ir. "r elsh 
(Report of British Association, 1859). 4. .....1n Account of tbe Self- 
recording l\Iagnetographs erected at tbe I\::e,v Observatory by the late 
)11'. 'Velsh (Report of British Association, 1859). 5. On tbe Great 

Iagnetic Disturbance, August to Septelnber, 1859 (Tra11f'actions of 
Royal Society, London, 18(1). 6. On tbe N atui'e of the Forces con- 
cerned in producing the Greater l\Iagnetic Disturbances (Transactions 
of Royal Society, London, 1862). 7. A Comparison of the I{ew Curves 
'with the Earth-Currents registered at Greenwich during the 
Iagnetic 
Storm of December 14, 1862 (Proceedings of Royal Society, London, 
1863). 8. On Earth-Currents durjng )Iagnetic Calms, and their Con- 
nection váth l\Iagnetic Changes (Transactions of Royal Society, Edin- 
burgh, 1863). 9. An Account of Sonle Experiments ,vith an Air-Ther- 
mometer (Transactions of Royal Society, London, 18(3). . 10. Results 
of a Conlparison of Simultaneous r:I;races of Self-recording 
lagneto- 
graphs at Ii:ew and Lisbon-in conjunction with Scnbor Capello (Pro- 
ceedings of Royal Society, London, 18(4). 11. On the Sudden Squalls 
of October 30.and N ovclnher 21, 1863 (Proceedings of Royal So- 
ciety, London, 18(3). 12. Note on tIle Secular Change of .l\lagnetic 
Dip at the I{e,\v Observatory (Proceedings of Royal Society, London, 
1866). 13. A Description of the .Self-recording Instrunlents of tIle 

Ieteorological Committee (Report of the 
Ieteorological COlllnlÍttee for 
18(7). 14. A Conlparison,between the Records of the Barographs at 
Oxford and I{e,\v (Proceedings of Royal Society, London, 1867). 15. 
An Account of Experiments on Aneroid Barometers (Proc-eedings of 
Royal Society, Lon(lon, 18(8). 16. On the La'ws regulating l\lagnetic 
Peaks and Ilollows (Proceedings of Royal Society, London, 18(9). 
17. Results of a Preliminary Còmparison of the I{ew and Stonyhurst 
Declination Curves-in conjunction with the Rev. 'V. Sedgreaves (Pro- 
ceedings of Royal Society, London, 1869). 18. Relnarks on l\Ieteoro- 
logical Reductions (British Association, 1869). 19. Results of Oh- 
servations of Dip and IIorizontal Force made at Kew from April, 
1863, to April, 1869 (Proceedings of Royal Society, London, 1870). 
20. On the Variations of the Daily Range of Atmospheric Tempera- 
ture as recorded at the I{ew Observatory (I>roccedings of Royal So- 
ciety, London, February, 1877). In this paper the author sl)ows that 
in the daily range of temperature there is unmistakable reference to 
the moon. 21. On the Variations' of tIle Daily Range of 
Iagnetic 
Declination, as recorded at the I{e,v Observatory (Proceedings of 
Royal Society, London, 1877). In this }JapeI' Prof. Stewart establishes 
the opinions previously hl.]d by :\11'. Dc la Rue, 
Ir. Loe,vy, and him. 
self, clearly showing tbat in the variations of declination range at I{ew 
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there are inequalities having reference to planetary configurations. 
lIe also shows that there is a great likeness l)etvt'"een meteorological 
and luagnetical phenomena, ana suggests that a further study of sun- 
spots lnay ultimately enable us to predict longer and longer lueteoro- 
loo'ical occurrences. 
'=' 
I
apers on tlte IIeating of (t .Disk by Rapid Rotation in VélCllO.-I. 
On the Heating of a Disk by Rotation in Vacuo-in conjunction 'with 
Prof. Tait (Proceedings of Royal Society, London, 1865). 2. On the 
same subject-in conjunction 'with Prof. Tait (Proceedings of Royal 
Society, London, 1866). 3. On the same subject-in conjunction ,,'ith 
Prof, Tait (Proceedings of Royal Society, London, 1873). 4. (..A Pos- 
sible Explanation of its Effect?) On the Temperature Equilibrium of 
an Inelosure containing a Body in Visible 1\Iotion (IJiterary and Phil- 
osophical Society, 
Ianchester, November, 1870). Dr. Stewart en- 
deavors to explain the heating of a disk of rotation in vacuo by an 
extension of the theory of exchanges. 
Papers on Solar Physics by lJIessrs. 1Varre
.De la Rue, B. Stew- 
art, and B. Loewy (Prelinlinary Researches-printed for private cir- 
culation by 1\11'. De la !{ne ).- First Series: On the Nature of Sun-spots 
(1865). Second Series: Area J\Ieasurements of Carrington Observatory, 
and Deductions therefronl (1866). Third Series: On the DistJ'ibution 
of Spots in I-Ieliographic Latitude. 
Iiew Researches.-l. I-Ieliographic Positions and Areas of Sun- 
spots observed with the Photoheliograph during the Years 1862 ana 
1863 (Transactions of Royal Society, London, 1860). 2. Positions and 
Areas of Sun-spots obsrrved at I{ew during tIle Three Years 1864- 
-'66, as ,veIl as Fortnightly Values of Spotted Solar Area fronl 1832 to 
1868 (Transactions of Royal Society, London, 1870). 3. On Some Re- 
cent Researches in Solar Physics, and a Lnw regu1ating tIt(, Tinle of 
Duration of the Sun-spot Period (Proceedinp:s of Royal Society, Lon- 
don, 1871). 4.. Further Investigations on Planetar)T Influence upon 
Solar Activity (Proceedings of lloyal Society, London, 1872). 5. On 
a Tendency observed in Sun-spots to change alternately from the one 
Solar HeInisphere to the other (Proceedings of Royal Society, Lon- 
don, 1873). 
Besides various miscellaneous papel's, not mentioned here, Dr. 
Ste,vart is the author of the follo,ving ,vorks: 
An Elementary Treatise on Heat; Les
ons in Element:try Physics; 
Conservation of Energy (" International Scientific Series"); and The 
Unseen Universe (in conjunction ,vith Prof. Tait). 
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IIND-nE <\DING BY THE EAR. 
To the Editor of tlte Popular Science ßIontldy. 
S IXCE the publication of my article on 
"Physiology of )Iind-Reading," in the 
February number of your MOXTHLY, I have 
received tbe following, which, as presenting 
a new phase of the subject, is of much in- 
terest. 
There are three general methods of mind- 
reading-by the touçh, by the eye, and by 
the ear. :My article was devoted only to the 
method and modifications of the method in- 
troduced by Brown-by the touch. Mind- 
reading by the eye-that is, watching the 
movements and changes of the features, or 
of the hand or fingers-is done every day 
by all of us, and is frequently utilized with 
great success by mediums. 
Iind-reading 
by the car, as described in the first experi- 
ment noted in the following letter, is not so 
well known. The author of the letter, who 
does not wish to have his namf' used, is also 
an expert in the art of mind-reading by the 
eJe or by the touch. 
The general physiological principle is 
the same in all these methods of mind- 
reading-namely, the detecting by the op- 
. erator, through some one of the senses, of 
the unconscious muscular or bodily move- 
ments of the subject, through mind acting 
on body. GEORGE 
I. BEARD, M. D. 


Dr. George JL Beard- 
DEAR SIR: I was much interested in 
your article on the "Physiology of Mind- 
Reading," as I have paid more or less at- 
tention to the subject, in an amateur way, 
for eight or ten years past, and I think that 
I can give you some new" developments." 
'VhiIe your theory is undoubtedly cor- 
rect, you describe certain conditions as 
" essential" which I have found by fre- 
quent successful practice to be unnecessary. 
Thus you say that the connection bet\veen 
the subject or subjccts must be such "as 
easily to allow the sense of muscular tension 
to be communicated." The operator or 
medium "mu
t be in physical connection 
with the subject." Again," where the con- 
nection of the operator with the subject 
is made by a wire, so arranged that mass- 
motion cannot be communicated, . . . the 
operator does just what hp would do by 
pure chance and no more." In reply to this, 
I would f'ay that I am in the habit of re- 
peating n;own's tricks of finding hidden 
ohjects;, d('si:!natin
 persons and things 
thought of, etc., without any physical COll- 


tact whatever, while I am blindfolded, pre- 
cisely as Brown was in his public perform- 
ances. 
The only condition I require of the 
subject is, that he shall follow me at a 
distance of about three or four feet, as I 
grope my way appa'ì"ently at random, keep- 
ing his mind fixed upon the object. I am 
able to tell, by close attention, when he fol- 
lows me readily, and when reluctantly; in 
this way I cautiously map out the direction 
in which he tends to follow me most readily. 
'Vhen I approach the vicinity of the object 
thought of, he shows no inclination to move 
in anyone direct.ion. There is, of course, 
a certain clement of uncertainty in the find- 
ing of a small object under these circum- 
stances, but the proportion of failures is as- 
tonishingly small. I reached this result by 
a f'uccession of experiments, first through 
a rigid rod, then through a wire, then a 
stretched string, then a string with a loop. 
I then worked without contact not blind- 
folded. I would walk backward, holding 
out my right forcfinger, and directing the 
" subject" to hold his right forefinger, at a 
distance of six inches (this would convey to 
most people the impression of two terminal 
poles of a battery or electrical machine), 
and he would often have an imaginary 
pricking, as of sparks at the finger-tip. I 
would then proceed around the room, and 
when moving in the right _direction the 
hiatus would be rapidly closed between the 
two fingers. 
I can almost invariably dif'tinguish an 
intentional or accidental indication from an 
involuntary one) and I do not find that 
keeping the" arm perfectly stiff" interferes 
very seriously. The indications are not con- 
fined to muscular contractions or relaxations 
of the arm, but it is a sympathetic move- 
ment of the whole bQdy. 
It is a curious fact that subjects who 
naturally work well will be very slightly 
influenced by the explanation of the ap- 
parent mystery. You may aSf'ure them that 
every CQrnct movement JOu make is only a 
translation of their own, and they will de- 
clare positively that they are trying to move 
in the opposite direction, and, in fact, they 
often do hold back with their feet, whne 
giving the most positive indications with 
thei l' arms. 
I have found that a large majorit
- of 
wdl-educated people have an innate Lias 
for mysteries, and prefer to refer these 
" phenomena" to animal magnetism, auras, 
psychic or odic force, or any incompre- 
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hcnsible cause, rather than to the rational 
explanation of unconscious movemcnt. 
.some time since, I had R curious illustration 
of this f<l.ct, and at the same time an admi- 
rable proof of the physical th
ory (if auy 
were required), in an expe1'Ïment suggested 
by a gentleman of this city. I had con- 
cluded a succc::-sful exhibition at an eveniug 
company, and dcscribed the precise method 
by which the experiments had been per- 
formed. This gentleman said to me pri- 
vately that he could suggest an experiment 
which, if successful, would disprove my 
theory of muscular or physical movement. 
I retired from the room, mid was brought in 
blindfolded. Meanwhile he had requested a 
very good subject with whom I had done a 
number of complicated things to hide an 
article, The gentleman then took the towel 
from my head and blindfolded the "sub- 
ject "-turned him rapidly round several 
times, and told him to think of the object. 
He said, "Now you will find it by mental 
communication only." I started off rapidly, 
but, of course, received no indications. I 
then purposely touched his band to the 
mantel-piece in the back-parlor. Instantly 
he unconsciously calculated the position of 
the hhlden article and directed (not led, for 
I always go in advance of the" subject") 
me tow.ud the front-room; then he was 
lost, until I again touched his hand to 
some object, when I received a fresh indica- 
tion. In this way I finally found a ten-cent 
note, rolled into a little balI, and attached 
to the lower knot of a cord running through 
the handle of a smp.ll feather-duster, which 
was hanging from the bell-handle on the 
wall. I did not, however, immeùiately pro- 
duce it, as I wished to experiment further. 
I led the" subject" off to another part of 
the room, and he immediatcl.\" brought me 
back to the duster. Again I led him a way 
to the Si.une place, and turned him round so 
as to confuse him. All indications cea
ed, 
e\'en when I held his hand within an inch 
of the duster. 
In regard to finding small objects, I 
have 110 difficulty in picking out any letter 
on a page of a book or newspaper, and I 
frequently spell out abstract thoughts or 
names of ppople, places, etc., thought of, in 
this way: I hold a sharp-pointed stick or 
pen-handle in my left hand, pointing down- 
ward, with the same hand grasping the left 
hand of the "subject." I thus pick out 
letters on the page which spell .the thought 
in the mind of the" subject." 
. The power of perception of these minute 
in(lication
 is capable of being developed 
to an a::,tonishiug degree, and I have often 
heen am:lzed at the curious effects pro- 
duced, a few of which I h'tve indicated to 
you. 


3 6 3 


To the Editor of the Popular Science ]lonthly. 
Ix Tyndall's discourse on "Fermenta- 
tion and its Bearings on the Phenomena of 
Disease," as published in the December 
number of THE POPULAR SCIESCE MO
THLY, 
be describes an injury he met with in fall- 
ing upon some sharp rocks. He limped to 
his hotel, and remained quietly in bed for 
four or five days, and, having quite recov- 
ered, rcmoved the bandages, and found the 
woup.d "perfectly clean, uninflamed, and 
entirely free from pus." This slight expos- 
ure led to inflammation, an accumulation 
of pus, and, finally, to an abscess several 
incbes below the wound, a.nd might haye 
led to fatal results. .A year after, TyndaH 
exposed in the same room tubes containing 
organic infusions, and in two days the infu- 
sions were swarming with the bacteria of 
putrefaction with which the dust-laden at- 
mosphere was charged. 
I have lately been reading General Ha- 
zen's interesting book entitled" The School 
and the Army," and in it find the following 
te5timony regarding the treatment of wounds 
in in - door anù out - dool' hO:::3pitals, which, 
taken in connection with Dr. Canniff's cor- 
respondence in the April number of your 
magazine concerning Dr. Lister's antiseptic 
treatnlent of wounds, may be of interest to 
your readers. General Hazen says: 
"The Germans bave fallen into the same 
error that we committed - that of using 
buildings for hospitals instead of tents, or 
field - hospitals; and there is scarcdy a 
doubt that the French will do likcwi
e. It 
is unaccountable tbat scientific and prac- 
tical medical men do not appreciate and 
advocate the ad\"anta
es of out-Joor over 
in - door hospitals. It is a matter of the 
gravest importance, and the humane societies 
of Christ
ndom can in no way do more good 
than by thoroughly investigating and mak- 
ing generally known the facts relating to 
permanent hospitals in time of war. The 
seeds of disease cling to the walls, ceilings, 
and floors, and the death-rate of the wounded 
is often greatly increased by putting them 
in the
e places. So strongly was I impressed 
with this in our war that, as far as was in 
my power, I kept my wounded out of them. 
At the battle of 1[i:.;sion Ridge, the colonel 
of the Forty-fir:::t Ohio lost his leg ahoye the 
knee by a musket-shot I forbade his going 
to hospital, and caused him to be treated in 
his rUlle, split-shin
le cabin, and his recov. 
ery wa
 remarkably rapid. Officers of my 
command who were gmzed by musket-shot 
upon the arm
 were put into the ho
pital, 
and died from gangl'ene. At that battle the 
wounùed of General Thomas's armv were 
treatl'd in fixed hospital
, or builùillis fitted 
.up beforehand at Chattanooga, with many 
comforts and good care. The proportion of 
deaths among the wounded was frightful; 
and we were told that it was due to the low 
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vital condition of our men, resulting from 
short rations. The fact was, they died from 
hospital diseases. General Shennan's army, 
just arrived from Mississippi, without hos- 
pitals, treated their wounded in the field, 
and the proportion of recoveries was aston- 
Í:;hingly great. They were cm'ed by fresh 
air. At the battle of Peach-1'ree Creek, a 
very worthy staff-officer of mine was se- 
riously, although not dangerously, wounded 
in the abdomen. The medical rules were 
very strict, but, by sending messengers all 
night, I got authority to send him home to 
the North, without his going to the hospital. 
ArrÏ\Ting at Nashville, and being unable to 
proceed without further medical authority, 
he was taken charge of, and put into one 
of their comfortable hospitals. In a few 
days he became terribly afflicted with gan- 
grene, and only escaped with his life after a 
perilous and racking illness." 
These observations are doubtless familiar 
to surgeons; but if, with Tyndall's experi- 
ments, they are found to be absolutely cor- 
rect, does it not become necessary to exam- 
ine into the condition of the various hospi- 
tals throughout the country, and to provide 
a.t least some special conditions for the treat- 
ment of flesh-wounds - an apartment, for 
example, separated from the main building, 
which may be deluged at intervals with su- 
perheated 
team to destroy the germs, or 
such other pr
aution as shaH insure an 
atmosphere of absolute purity during the 
dressing of wounds? 
'Ve would commend this subject to the 
State Boards of Health. . 
EDW ARD S. MORSE. 
SALE}I, l\1A8SACIIUSETTS, .April 26, 1877. 


TIlE NEW IDEAS ABOUT SPACS. 
To tM Editor f!f the Popular Science .JIonthly. 
THE great attention now given to this 
subject in Europe seems to render appro- 
priate a short communication to bring it 
more directly before Americans. In point 
úf fact, the mathematicians have been 
making a conquering migration into the 
fair fields of philosophy, and instead of any 
longer being content to receive from 
Ieta- 
physics her d('finitions of space, they have 
for themselves attacked the question by 
the methods furnished by two thousand 
years of advance in their own science. AI- 
readr they have made some wonderful 
strides to\
'ard the solution, and the llew 
notions arc very fascinating. 
It is, perhaps, daring to attempt to g-ive 
an adequate idea of some of these without 
the use of mathematical symbols and ana- 
lytic geometry; stilJ it seems desirable for 
each of the special sciences to he able to 
express results in untechnicallanguage, and 
we will try. . 


Every schoolboy knows that what is 
called multiplying a linear inch by a linear 
inch gives a 'square inch, and that again 
multiplying this square inch by a lineal' 
inch gives a cubic inch. Now, I supposp, 
many of the most original boys may have 
asked themselves, ""'hat would be the re- 
sult of multiplying this cubic inch again by a 
linear inch?" Up to this nineteenth century 
the answer has probably always been, tha't 
the thing was unthinkable and inexprefo:sible, 
and that, although by analogy we see no 
reason for bcing stopped fiO abrupUy, Jet 
such is our invariable experience. 
N ow, the two men who first and inde- 
pendently stepped over this mental fence 
were the great Gauss whom Gennany is now 
celebrating) and a Russian named Lobat- 
chewsky. They both said that the space 
with which we are familiar is only one kind 
of space out of a number of possible spaces, 
eaeh 10gicaBy self-consistent; but that, from 
the fact of a1] our ages of experience being 
in this particular space, we cannot perfectly 
picture to ourselves anyone of the other 
kinds, though they are entirely expressible 
in analytic geometry. 
Now, it has often been remarked that 
in things very famiJiar to us we see nothing 
noteworthy. So we see nothing strange in 
our conception of a straight line and a plane, 
yet we may think it strange when" earl' 
told that this peculiar notion of straight- 
ness, smoothness, or flatness, is also inherent 
in our ideas of our space. This was dis- 
covered many Jears ago by Prof. SyIH
fo:ter, 
and, to denote it, he ca1Jed our space a hom- 
aloid, or a homaloidal space. To us it al- 
ways has three dimensions, and 110 more; 
and, just here, all readers may be advi
ed 
not to try to picture to t11emselves any 
higher kind of space, since they must fail 
as uttel'ly as they fail to see the ultra-violet 
rays of the spectrum. )loreover, it has 110t 
yet been demonstrated that any othel" Idnd 
of space actually exists in the physical 
world. This is a matter which can only be 
settled by physical experiments; and per- 
haps it is to be hoped that our old space 
will stand all tests, for, should it not, then 
all our science would have. to be put on a 
new basis, at least in so far as related to 
space. So, you see, no one need be dis- 
cOUl'aged at his inabiJity to perfectly con- 
ceive any other space than our common one. 
But, as the others are 10gicaHy pos:::ible and 
mathematicaBy true, and are necessary to 
get a complete knowledge of our own space, 
"e will attempt to convey some notion of 
them. In our space ,,;e have length, breadth, 
and height, and to each of these ('orre- 
sponds a coördinate in analytic geometry. 
This is why we call ours a space of three 
dim('n
ions, and we caunot picture any other 
dimension. But we find analytic geometry 
just as ready to deal with a space which 
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should be like ours in every other way, but 
should have another or fourth dimension; 
and this led to the question, " May not our 
space have a fourth dimen:::;ioll?" 
Now, our only way of reasoning aboui 
the matteI' is to take analogous cases in the 
picturable spaces of two dimensions, and 
carry the analogies up from two to three, 
from three to four dimensions. . 
Let us take the easiest mustration. 
Suppose beings not living on the s1.trfa{'e of 
a sphere, but ill the surface of a sphere, and 
so having no conception of the third dimen- 
sion of space. 
Now, if they were so small as only to per- 
ceive a small portion of their surface, they 
mi
ht easily think it a plane, as the ancients 
thought our earth, and so their geometry 
would be the same as Euclid's. 
But, if they were originally created so 
large in proportion to their spherical sur- 
face as to be immediately affected by its 
positive curvature, then they would never 
gather any experience of parallel lines, or 
of geometrical similarity between figures of 
different sizes. A straight line being the 
shortest distance between two points, then 
all their straight lines or geodesic lines 
would return upon themselves; and as also 
any two straightest lines on a sphere must 
meet somewhere, our imaginary surface 
men could never learn our theory of paral- 
lels and geometry, unless, as has been sug- 
gested, they should produce mathematicians 
sufficiently powf'rful first to imagin
 and in- 
vestigate a surface in which two straight 
lines might be drawn so as to remain at the 
same distance apart to infinity; that is, if they 
could in any way be supposed to have the 
idea of infinity. Then, as Land says: " Rea- 
soning on this, and a few more suppositions, 
they might discover the analytical geometry 
of the plane. Combining this with their 
original spherical theorems, some genius 
among them might conceive the bold hy- 
pothe
is of a third dimension in space, 
and demon
trate that actual observations 
are perfectly explained by it. Henceforth 
there would be a double set of geometrical 
axioms; one the same as ours, belonging to 
science, and another resulting from expel'i- 
ence in a spherical surface only, belonging 
to dailv ]ife." 
In "reference to our own science of to- 
day, the two analogous questions are: 
1. 
Iay we not be drawing wrong con- 
clu:,ions about space from ou.r limited ex- 
perience of space, just as the Greeks COll- 
cluded that the earth was flat? 
2. If our conclusions so far are true, yet 
may there not be, in addition to the three 
dimensions we know, still another 01' fourth 
dimension in space? 
1'he idea of space of four rlimen
ions 
has been sncc
ssfuBy used by Salmon, Clif- 
ford, am] Sylve
ter-, in their re5eal'che
) and 
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Cayley has published" Chapters 
n the Ana- 
lytical Geometry of n Dimensions." Spaces 
of two and three dimensions with constant 
curvature have been carcfuBy invebtigated 
by Beltrami, Helmholtz, and now Frankland. 
I mention these as among the most impor- 
tant and easily procurable wI'iting:;; on the 
subject. In reality thel'e ijave been about 
a hundred books and memoirs treating of 
new or non-Euclidean space. 
Of that kind of non-Euclidean surface 
now being discussed in Nature, a very 
pretty idea may be obtained by likening it 
to a hemisphere on which, when any moving 
point has reached the edge, it is supposed, 
without any jump or any further motion, to 
have reached the corresponding point on 
the opposite edge, so that the meridians, 
great circles, shortest lines, instead of inter- 
secting twice, as they do on the earth, only 
intersect once and yet return upon t}lem- 
selves. This, like the sphere, is caBed a 
surface of positive curvature, in reference 
to the plane, which has no curvature. 
:Now, just as to the plane corresponds an 
uncurved or homaloidal space, so to a sur- 
face of positive curvature corresponds a 
space of positive curvature; and if the space 
in which we live can be proved to have the 
slightest positive curvature, it instantly fol- 
lows that the universe is only finite in 
extent, and that every physical straight 
line, for example, every ray of light, if suf- 
ficiently produced, returns into itself. 
Yours very truly, 
GEORGE BRUCE HALSTED. 
JOH
S HOPKINS UNIVERSITY, } 
BALTIMORE, JIay 20, 1877. 


"TIlE EARLY 
IAN OF KORTH A
IERIC
\." 
To tILe Editor ()ftlte Popular &ience JIo;;.th
y. 
Iy an article in your 
Iarch number, 
upon" The Early }Ian of North America," 
the writer say
 of the Esquimaux, "They are 
from theil' speech a branch of the Turanian 
family, and allied to the Hungarian, Turki::;h, 
Lapp) and Basque raees." "
hitney, in his 
work on "Life and Growth of Language," 
says of the Basque: "It stands entirely 
alone; no kindred having been found for it 
in any part of the wodd." lIe further says: 
".Attempts have been made to connect them" 
(the American lang-uages) "with some dia- 
lect or family in the Old "T orId, but with 
obviously unavoidable i1l sncces
. . . . There 
appears to be no tolerahle pro
pect that, 
even supposing the American languages de- 
rived from the Old 'V orld, they can ever 
be proved so, or traced to their parentage." 
In the same article there is the statement 
that the Esquimaux "extend in scattered 
companies for nearly five hundred miles on 
the coa
t of .Asia bc}"ond Behring's Straits," 
while other writers assert that the Esqui- 
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To the Editor Qf the Popular Science Jfonihly. 
SIR: In the paper on " Mushrooms," etc. 
in tbe last number of your MOXTHLY, I think 
:Mr. Julius A. Palmer, Jr., uses the name of 
" Dr. Curtis, of South Carolina," for that of 
the great mycologist, Dr. Moses A. Curtis, 
of North Carolina, in connection with let- 
ters written to Mr. SpraO'ue on "
Iush- 
rooms." 'Vhether that is b SO or not., I am 
safe in saying that during our late war Dr. 
Moses A. Curtis wrote a work on "The 
Edible Fungi of North Carolina," illustrated 
with colored drawings by his son (I believe 
the Rev. Charles Curtis), and this manu- 
script work is stiJI in existence. It is the 
result of Dr. Curtis's botanical investiga- 
tions, as well as of his personal experience, 
as to which of the mushrooms are fit to eat. 
:Many times, I am told, the good doctor had. 
uncomfortable symptoms after trying a new 
mushroom, but you may be sure he did not 
stop until he learned more about it. His re- 
searches were begun in the war with a view 
to furnish such information to his people as 
would enable them to recognize edible I 
mushrooms, and so supplement the poor 
diet so universal among even the better To the Editor ofihe Popular Science Monthly. 
classes, but I believe he never cared to pub- SIR: Since the publication, in the May 
lish the work. I deem it but justice to number, of the first part of my article" Gar- 
the memory of Dr. Curtis to make this Pikes, Old and Young," I have had informa- 
statement. THmIAs F. 'V OOD. tion as to the occurrence of Lepidosteus in 
W . Black Lake, near Ogdensburg, New York; 
ILMINGTON, NORTII CAROLIYA, .Apr'l.l80, 1877. . th P t R . " I I d d . h 
III e a apseo lver,..' ary an ,an III t e 
Edisto, Ashepoo, and Combahee Rivers, 
South Carolina. 
It bein
 commonly suppo
ed that L('pi- 
dosteus is rarely found out
idc of the Great 
Lalws or the :Mississippi HiveI' and its tribu. 
tarics, I shall be much obliged to your 
readers for any information as to its occur. 
rence elsewhere. Particularly valuable 
would be facts as to the time a;1(1 place of 
spawning; and the egf!s or newly-hatched 
young are greatly desired. 
BURT G. "
ILDER. . 
ITIIACA, NEW YORK, ..May 10,1877. 


maux have no kindred on the Eastern Con- 
tinen t. 
As the philosopher - of the nineteenth 
century claims that U in his hands theory 
is never divorced from fact," we who are 
not philosophers complain, as we have the 
right to do, when they flatly contradict each 
other anù furnish no evidence to fortify 
their statements. 'Ve accept their dicta so 
long as they agree, but we object to a dic- 
tum which contradicts another dictum equal- 
ly respectable. D. A. Hr.;LETT. 
NEW YORK, jJfay 12, 1817. 


EDIBLE MUSHROOlIS. 


To the Editor of the Popular Science .JIontltly. 
SIR: ""'ill you permit n su
g-estion as to 

Ir. Herbert Rpencer's descriptive term 
"negatively quantitative," and his specifi- 
cations under it? It appears to me to be- 
long to an undesirable class of definitions, 
because its defining part consi
ts not only 
in asserting the absence of somethin
, but 
in so asserting it as to require just as much 
the assertion of aU the other absences that 
exist. That is to say, Mr. Spencer's defi- 


nition, and his explanations of it, as cited 
in the :MONTHL
 of March, page 611, appear to 
me to necessarily imply the following pre- 
liminary proposition (which I do not think 
Mr. Spencer meant to imply): "A definition 
may consist of a statement that a single 
quality or characteristic is excluded from 
t

 thing defined," Now, of course, a defi- 
mtlOn, to be a good one, must accompliE-h 
two things, neither of which the above is: 
it must specify the qualities which the thing 
defined does possess; and it must exclude- 
not some one other, but-all others. 
Further: is IlOt the term "negatively 
quantitative" liable to be misunderstood 
from ambiguity? It seems to me that it 
may honestly be taken to mean either of 
the two following: 
1. Being such as to exclude dealing with 
quantity or quantities. 
2. Being such as to include, so far as it 
does deal with quantities, only what are 
called" negative quantities." 
These are, of course, quite different 
meanings. It appears to me that :Mr. Spen- 
cer applied the former, and that Mr. Halsted, 
in his communication to you, had in his 
mind the latter. If f'0, a misunderstanding 
was pretty likely. 
I need not explain the benefit of avoid- 
ing the use for one purpose of terms already 
employed for another. And as I am a sin- 
cere admirer of )11'. Spencer, and of his great 
contributions to the advancement of sound 
thought, I hope you will not suppose I want 
to do 3l1ything in the way of attacl<ing or 
fault-finding. F. B. P. 
BOSTON, .April 8, 1817, 


THE HABITAT OF THE GAR-PIKE. 
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THE STUDY OF NATURE LV SCHOOLS. conceal from onrselves that these ex- 
T ilE progress of scientific education cursions are things to he thankful for, 
is slow, but the evidences of its very much because of the defects of 
reality are unmistakable. Among the normal study throughout the year. Of 
recent and most encouraging illustra- course the vacation is a season of lib- 
tions of it, we note the various arrange- erty, and allows a range of wandering 
ments in different colleges for making which school confinement does not per- 
excursions and expeditions for observa- mit; and it is possible that excursion- 
tion and the collection of specimens by work may be nothing more than a freer 
students who are sufficiently interested extension of the habitual practice in 
to extend their 
tudies in these direc- the school-wbich, of course, is the way 
tions. The excursions are to be in it should be. Yet the open study of 
charge of competent professors, and the Nature, in her. living objects, is undou bt- 
time of vacation is to be devoted to the edly, in most cases, rather a contrast to 
work. The idea is excellent, as it will college experience than a continuation 
combine the pleasure of travel and out- of it. It is to be remembered that the 
of-door activity with valuable nlental college has still a definite somewhere 
acquisition, which need not be so close in Nature, from which the student can 
or severe as to neutralize the advan- have an outlook upon realities, although 
tages of vacation. It is especially in the traditional scbolarship nlakes little 
geology and natural history that the I account of this circumstance. There 
benefits of such excursions will be most are natural objects enough at baud, 
obvious. In the former of tbese sci- and crowding the collegiate environ- 
ences, field-observation and tbe inspec- ment, to illustrate a wide range of scien- 
tion of rocks, minerals, and landscape tific study, if it were the policy of these 
features in different localities, are re- institutions to make such objects avail- 
quisite to give reality to knowledge able for this purpose. It is well to go 
and redeenl the study from the illusive- away to find and examine new things, 
ness and unreality of its pursuit in mere where that is convenient, or where it 
text-books. Botany, and zoölogy also may be specially necessitated; but it 

re subjects which call their devotees I should not ùe held to 
J

ly that there 
Into field and forest, mountain and val- are not abundant faCIlItIes all around 
ley, find require a kind of peripatetic find everywhere for securing the same 
cultivation. These vacation excursions general object. The study of N atnre 
half for pleasure and half for profit, ar
 is beginning to be recognized as an hu- 
valuable indications both of the in- portant part of common education, but 
creasing interest of thi8 class of nlental it rernains yet to be organized for this 
pursuits, and of an increasing appreci- I ' enò. 
ation of the only proper method of car- 
rying them forward; while the frienòs 
of science have reason for congratula- I TIlE 40CUSA TIOY OF A TIIEISJ!. 
tio
 at} these signs of improvement in IT has been suggested thüt, if Dr. 
ratIOnal scientific culture. I Draper had entitled his book "A His- 
But the obverse of this picture tory of the Conflict between Ecclesiasti- 
should not be overlooked. We cannot cism anù Science," instead of " between 
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Religion and Science," he woulù have interesting subject is taken up, and 
disarmcd criticism, and saved himself the writer rem
rks upon it as follows: 
from a grea , t ùeal of theological abusc; 
" To the heathen nations, the Christians 
but he preferred to credit people who were in the first place atheists; for in every 
profess religion with having it and age this name has been given to those who 
being influenced by it, in their treat- did not agree with the prevailing conceptions 
ment of science. There is, indeed, no of the Deity; not only when they denied his 
ground for impeaching the general existence, but when they sought to instill a 
more just and worthy idea of God. ' Down 
sincerity of religious people who are 
with the atheists!' this was the war-cry of 
alarmed at the advancenlent of science, the heathen mob against the Christians. 
and denounce it as subversive of faith. It was with this cry, for examvle
 that ill 
Their difficulty is simply that of nar- A. D. 156 the veI)erable Bishop Poly carp was 
rowness and ignorance, inspired by a received on the race-course at Smyrna. 
fanatical earnestness. Atheism has now The only gods the people knew unything 
come to be a fan1Íliar and stereotyped about, whose temples they frequented, 
whose statues they worshiped, to whom 
charge against men of science, both on they offered sacrifices and prayers, were 
the part of the pulpit and the religious denied by the Christians; they were de- 
press. Not that they accuse all sci- elared to be the inventions of man's super- 
en
ific men of atheislll, but they al- stition, and sometimes to be evil spirits, 
lege tbis to be the tendency of scien- devils. Can we wonder that the people 
who were still devoted to these gods felt 
tific thought, and the outcome of scien- the attack upon them to be an attack upon 
tific philosophy. It matters nothing themselves, their most saCl'ed and cherished 
that this imputation is denied; it mat- possessions; that they were the more deep- 
tel'S nothing that scientific ni
n claim ly incen
ed at it the more seriously they 
that their studies lead them to higher feared by toleration of it to lose the favor of 
and more worthy conceptions of the the gods on whom their welfare depended.l 
The reproach of atheism was therefore the 
Divine power, manifested through the most dangerous that could be brought 
order of Nature, than the conceptions 'against the Christians. In that 'Down 
offered by theology. It is enough that with the atheists!' with which the :r ells 
they disagree with current notions npon of t
e mob greeted Polycarp at Smyr?a, 
this sub.ect and an y difference of view I was Included the sentence of death, whleh 
. ,J,. they at once proceeded to exe
ute by pre- 
18 here h?ld as atheISln. , paring the stake. And the cry was fol- 
In thIS, as we have smd, the theo- lowed in numberless cases by the same 
logians may be honest, but they are results. If any public miðfortune, any 
narrow and bigoted; and it is surpris- alarming event occurred, which seemed to 
ing that they cannot see that, in ar- i
dicate the displeasure of the god
-a pes- 
.. . t . fi tl . k .(' th . tIlence, a dearth, a flood, an eclipse, an 
rm g nln g SClen I c un 
ers lor a eIsm . . 
.. .' earthquake-superstItIOn was always I'eady 
they are sImply dOIng what stupId to make the Christians responsible for it, 
fanatics the world over are always as enemies of the gods; the exclamation 
doing when ideas of the Deity differ- was sure to be heard, 'The' Christians to 
ent from their own are maintained. the lions!' Both the educated and uned- 
A d 't' th . · g th t ucated have always attributed every other 
n . I. .IS e more ,surpr
sm 
 wic
edness to the enemies of the gods, and 
ChrIstIan teachers should Indulge In 60 it Wa3 with the Christians. Being athe- 
this intolerant practice, when it is re- ists, they were also crimina1s, and all man- 
membered that their own faith ,yas ner of horrible storic
 were told of them. 
blackened with this opprobrium at its It was not enough that tllCY were said to 
first pronlulO'ation. In a very able worship a god with the head of an uss, 
t" 1 b pO f Z II f B r which we see reDresented to this day in 
301' IC e y 1'0. eel', 0 . er In, .on a caricature of th
t period, the well-known 
"The Contest of IIeathemsm wIth mock crucifix in the Kircher :Museum at 
Christianity," reprinted in THE Popu- Rome; it waR said, also, that in their se- 
LAR SCIE
CE SUPPLE
IE
T, No. 11., this cret assemblies they practised all sorts of 
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horrors, ki1led and devoured children, and 
ga,,-e thelll
elves up to frightful excesses, 
'Scarcely any evil::) were attributed to the 
Jews ill the middle ngc8 by Christian fa- 
natics which had not been beforo attributed 
to the Christians by heathen superstition." 


whose life is spent in the aU-absorbing 
study of that mighty anù ever-expand- 
ing systeul of truth thut is embodied 
in the method of' N nture, will form 
the same idea of God as the ignorant 
blockhead who knows and cares noth- 
It would be weB if ou.r theologians ing for these thing
, "who is incapable 
would remember these thing
 when of reflection or in
ight, and who pas- 
tempted to deal out their ID'iledictions sivèly accepts the narrow notions upon 
upon scientific m.!n as propagators of tlds subject that other people put into 
atheism. For the history of their own his head? As regard::; the Divine go v- 
faith attests that religious ideas are a ermnent of the world, two such con- 
growth, and that they pasH from lower trasted minds can hardly have anything 
states to higher unfolùings through in common. "A
 â nlàn thinketh, so is 
processes of inevitable suffering. It he;" and as a Inal1 is, so will he think. 
was undoubtedly a great step of prog- If he is ignorant and stupid, his con- 
ress from polytheism to monotheism; templation of divine things wiII reflect 
as it was cartainly a most painful tran- his own low limitations. lie will cling 
sition to lose the idea of a social bier- to no groveling anthropomorphisDl and 
at'chy of lUlman or superhuman im- conceive of the Deity as a man like 
nlortals con
tantly mixed up with 11U- himself, only greater and more powerful, 
man affairs and the working of Nature, and as chiefly interested in the things 
and to substitute the idea of a solitary- that he is interested in. If he delights 
divine personality, related to mankind in the pious excitement of "revival
," 
chiefly through a special theological. he will think of the ..A..lmighty as the 
scheme. But this was neit11er the final patron of camp-meetings, and as watch- 
step in the aùvancement of the human ing from on l1Ïgh with special solicitude 
mind toward the highest conception of the doings of )Ioody and Sankey in 
the Deity, nor the last experience of Boston. It i
 superfluous to say that 
disquiet and grief at sundering the ties men who look upon the univel'se as 
of old religious associations. But if science ]Jas disclosed it cannot much 
this be a great normal process in the sympathize with this view of the Deity 
dm-elopment of the religious feeling and all tbat it implies. The profound 
and aspiration of humanity, why should student of science will rise to a more 
the Christian3 of to-day adopt the spiritualized and abstrart ideal of the 
bigoted tactics of heathenism, first ap- Divine nature, or will be so oppresseù 
plied to themselves, to use against those with a consciousness of the Infinity as 
who would still further ennoble and tõ reverently refrain from all attempts 
purify the ideal of the Divinity? It to grasp, and formulate, and limit the 
cannot be rationally questioned that nature of that whieh is "past finding 
the world has come to another impor- out," which is unspeakable and unthink- 
tant stage in this line of its progres- able. Religions feeling' may be awak- 
sion. The knowledge of the universe, ened in both those minds; hut its in- 
its action, it
 harmony, it
 unity, its spiration
 and its accompaniments win 
houndlessness and grandeur, is COlli- be as wide asnnder as the poles. Our 
paratively a recent thing; and is it to religionc;; teachers ought in these days 
be for a moment supposed that so vast to lwve liberality enough to recognize 
a revolution as this is to be without this serious fact, and remenlbering that 
effect upon our conceptions of its Di- human nature is religiou,,]y progressive, 
vine control? Is it rational to expect as well as progr('s
ive in its other capa- 
that the man of de\'eloped intellect, cities, should ab5tûin from copying the 
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bad example of narrow-minded heathen 
thousands of years ago, who treated 
the Christinns very much as many 
Christians now treat those "ho are 
devoted to the gospel of science. 


TilE FAJIILY AXD THE STATE. 
'V E commend to those students of 
social que::,tion::, who are intere!5ted in 
their scientific aspects the essay" On 
the Evolution of the Family," by Mr. 
Herbert Spencer, which was begun in 
tbe June YO:NTllLY, and is concluded in 
our present number. The article is an 
instructive illustration of what is prop- 
erly meant by social science, and it also 
shows what is gained for the subject by 
in vestigating its phenomena fronl the 
standpoint of evolution. It is obvious 
that we can know little of the nature 
of the family until we ]un-e a right idea 
of its origin; and it is equally evident 
that it cannot be intelligently and wise- 
ly dealt with, either by social or politi- 
cal arrangements, on a false theory of 
its derivation and consequent erroneous' 
views of its constitution. It is a cur- 
rent belief that the fami1y is as old as 
humanity, and is an indestructible ele- 
ment of human society, and much the 
saIne thing cvcryw here. Even such in- 
quirers into the philosophy of political 
history as 1,11'. :hfaine conlmence their 
researches by assuming the family or 
patriarchal group as a starting point. 
But on the theory of evolution this form 
of the domestic relations must be ac- 
counted for. The patriarchal condition 
was an outgrowth of earlier conditions, 
tJle complex resultant of a preëxisting 
c;;tate wllich there is reason to believe 
was far more prolonged than the period 
that has elapsed since the family was 
instituted. Be that as it may, the point 
of view now gained is that of the family 
as a growth, a product of the slow inter- 
action of various natural agencies, and 
an institution therefore that is liahle to 
impairment, disintegration. and decay. 


This conception of the family gives 
an interest to the question of its relation 
to the state that no other hypothesi
 
enforces. The family is older than the 
state, and grew up without it by nat- 
ural laws and through long domestic 
experience and social disrivline. The 
state is a su1>sequent development, a 
new direction of the power of society 
which is liable _ to be so exercised as to 
disturb and modify in serious waJs the 
domestic relations. A child cannot 
build a house, but it can burn it down; 
the state did not make the family, but 
it can mar and destroy it. If, as 1[r. 
Spencer nlleges, "the sah-ation of every 
society depends on tbe maintenance of 
an absolute opposition between the ré- 
gÙne of the famUy and the 'régime of the 
state," governmental tendencies become 
a matter of t
e gravest social concern. 
....1.nd these considerations acquire addi- 
. tional force in a country like this, where 
the whole people are given over to poli- 
tics, and where there is a universal pas- 
sion for experimenting with soCiety un- 
der a superstitious delusion in regard to 
the omnipotence of legislation. If the 
principle laid down by Spencer 1>e a 
true one, then are the functions of gov- 
ernment sharply limited, find, by tran- 
scending them, the state to' that extent 
usurps domestic functions, and becomes 
destructive of the family. The family 
grew up and became consolidated, as we 
may say, under pressnre of nece
sities 
and re
ponsibilities that could not be 
escaped, as there was no f'tate upon 
which parents coulp. roll off their lmr- 
dens. But the state Ims come, and be- 
sides its essential duty of protecting the 
common rights, it is becoming more anù 
more called upon to take care of t1w 
people, to improve the condition of the 
people, to tnke charge of their children, 
in short to assume tIle "parental" func- 
tion. We llave already gone so far in 
our state meddling with the work of ed- 
ucation find re1ieving parent
 from the 
responsible care of their children, that 
the demand is now urgent1y 1113l1e hy 
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progressive teachers and advanced edu- 
cational reformers that tbe government 
shall follow out the policy to its logical 
and consistent consequences, and assume 
the complete eJucational control of the 
young. FrOlll the time of weaning to 
graduation, the state (that is, the politi- 
cians who at any time happen to be in 
office) will hire the teachers and pay 
thcm, prescri be the studies, furnish the 
books, builù the schoolhouses, and ad- 
nlinister the discipline by which charac- 
ter is to be formeù. This is an invasion 
of the donlestic sphere, and an abroga- 
tion of those domestic functions by 
which the family was called into exist- 
ence and has ever been maintained. Our 
school system is applauded on account 
of its imposing parade of statistics, its 
profuse expense, and the millions of 
chilùren that the state has got charge 
of'; but, when its indirect influences are 
t
ken into account, it nlay be found 
that, like most other human contriv- 
ances, it entails evil as well as good. 
'Vhich shall preponderate, it remains 
for time to tell. 
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NEW' LANDS WITHIN TilE ARCTIC CIRCLE. 
Narrative of the Discoveries of the 
Austrian Ship Tegctthoff, in the Years 
1872-1874. By JULIUS PAYER, one of 
the Commanders of the Expedition. 
'Vith 
Iaps and nnmerous Illustrations 
from Dra.wings by the Author. Pp: 
399. New York: D. Appleton & Co. 
Price, $3.50. 
TilE honor will be unhesitatingly accord- 
ed to Lieutenant Payer of having written 
the most d('eply-interesting volume that has 
yet appeared on arctic ad venture ánd ex- 
ploration. \\
 e have rarely been so fasci- 
nated by a book of any kind, upon any 
subject. The exprrienees of the party were 
tragic and of thrilling intensity, and the 
narrative of them is in a remarkable degree 
vivid and graphic; so that, with the numer- 
ous and admimhle illustrations, all drawn 
on the spot from Nature, we are made deep- 
ly to participate in the feelings of the he- 
roic group of adventurers who were so 10nO' 
I:> 
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locked up amid the terrible desolations of 
Nature in the arctic region. 
In a preliminary notice by the transla- 
tor, the leading features of the expedition 
are thus summarized ': 


U The interest which wi II be excited afrct5h 
in arctic discovery and adventure will doubtlcs
 
Bharpen the interest in the voluwes wbich re- 
cord the fortunes of the Austrian Expedition; 
and. we venture to affirm-witbout undue par- 
tiality-that, tl10ngh the hi
tory of arctic ex- 
ploration and discovery abounds in records of 
lofty resolution and patient endurance of almost 
incredible hardships, the narrative of the voyagc 
of the Tegetthoft. will be found to fall below none 
in these high quaJities. The mere destiny of 
the vessel itself equals, if it does not exceed, in 
the elem
nt of the marvelous, anything wl1ich 
has before heen recorded. Surely this is uorne 
out when we think that, on August 20,1872, the 
Tegetthoff was beset off the coast of Xova Zem- 
bIll.; remained a fast prisoner in the ice, spite of 
all the efforts made by her officers and Cl.ew to 
release her; drifted, during the autumn and the 
terrible winter of 18i2-amid profound darkness 
-whither they knew not; drifted to the aOth of 
August in the following year (1873), till, as if by 
magic, the mists lifted, and, lo! a high, bold, 
rocky coast-latitude 79 0 43' north, longitude 59 0 
33'-100med out of the fog, p.traigbt abead of 
them. Close to this land-which could ue visit- 
ed with safety only twice, on the 1::,t and 3d of 
November of that year-the ship remained still 
fast bound in the ice. Not till the winter of 
1873 had passed, and the sun had again returned, 
was it possible to explore the land which had 
been so mal'velously discovered. On the 10th 
of March, 1874, the sledge-journey
 commenced, 
and terminated }lay 3d, after 450 miIe
 had been 
passed over, and the Eurveys and expJorationf' 
completed, which enabled Payer to write the 
description of KaiEer Franz-.Tm:ef Land (pp. 
258-270), which Bhows that other 13till undefined 
lands, with au archipelago of islands, have been 
added to the geography of the earth." 
For more than two years the party were 
prisoners in their ship, of which they had 
lost all control, and, after passing two hor- 
rible winters in this distres
ing helplessness, 
it became clear that they must quit the 
ship or perish, and, in fact, there was small 
hope of saving theil' lives even by leaving 
it. Three boats were loaded with neces- 
saries, and they started, May 
Oth, to dig 
their way through the deep snows anel amid 
the mountainous ice-hummocks to open wa- 
ter. 'Ve extract from Payer's diary: 
" The first day's work for twenty-three men, 
harnes6ed to boat or sledge. was the advance of 
one mile; and even this rate of pro
res8, small 
as it was, was not constant. 1\fany days it did 
not :tmount to half a mile. The sledges sank 
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deep and stuck fast in the snow. We had to 
pass three times heavily laden, and twice emp- 
ty, over every bit of the road, and half our num- 
ber were scarcely able to move a sledge or boat. 
After the exertion of Borne days, raw wounds 
appeared on the shoulders of several, and, to 
add to our trials, we suffered intensely from 
thirst. Nine men were sent back to the 8hip to 
bring away the jolly-boat and more etores, and 
it took just three hours to do the distance which 
it had cost the aavance party eight days to ac- 
complish. On our return to the boatt'l, we found 
their crews were sitting up, and looking out like 
young birds in a npl::lt, to see what we had 
brought from the ship, . . . Happy the-man who 
has any tobacco; happy he who after smoking 
his pipe does not fall into a faint; bappy, too, 
the man who finds a fragment ofa neWt;paper in 
some corner or other, even if there should t)e 
nothing contained in it but the money-market 
intelligence, or, perhaps, directions to be fol- 
lowed in the preparation of pease-sau::1age. En- 
viable is he who discovers a hole in his fur coat 
which he can mend; but happiest of all are those 
who can eleep day and night. Of these latter, 
Borne have stowed themseìvC's away under row- 
ing-seats, and aboye them reposes a second lay- 
er of sleepers; but nothing is visible of either 
party but the soles of their feet. . . . The end 
of the Franklin Expedition, and the history of 
the two skeletons which were found.in the boat, 
is told again for the twentieth time-a story 
which never fails to produce a harrowing effect, 
and to rouse the firm and resolute to yet greater 
efforts and self.com
and. , . . One solace is left 
us-the solace of smoking. Some, indeed, have 
exhausted their whole stock of tobacco. He 
who has half a pouch of it at his disposal is the 
object of general respect, and the man who can 
invite his neighbor to "a pipe of toba'cco and a 
pot of water is considered to do an act of pro- 
fUEe liberality. Tobacco becomes 8 medium of 
exchange among us, and provisions are bought 
and paid for with it, its value rising every day. 
There is no difference between day and night, 
and f:::iundays are only distinguished by dressing 
the boat with flags. In this enforced idleness 
passed away the days between the 9th and 15th 
of June, !:lave that on the 14th we changed our 
place by three hundred yardf:l, in order to select 
a more convenient spot for seal-hunting, and to 
keep up the appearance of traveling. n 


The unparalleled hardships of this strug- 
gle may be inferred from Lieutenant Payer's 
remark, page 364, that, "after tlte lapse of 
two nwnllts of indescribable efforts, llte dis- 
tance between us and tlte ship was not more 
tItan nine English, miles." 
But the open sea was at length reached, 
and on the l.jth of 
\ugust the boats were 
dressed with flags, baUasted, the sledges 
left behind, and the expedition put off. The 
party had passed ninety-six days in the 
open air after le
\.Ving the Tegetthoff, when 


a small boat was descried, with two men in 
it, apparently engaged in bit'd-catching; 
and, upon turning the corner of a rock, two 
ship3 were discovered, within a few hundred 
y
rds. They were Russian ve
sc1s, engaged 
in salmon-fishing; and the strangers were 
received on board with mingled feelings of 
wonder and sympathy. Lieutenant Payer 
remarks: 


U No grandees could have bren received with 
more dignity than we were. At the sigl1t of the 
two ukases which we had received from St. 
Petersburg, and which required all inhabitants 
of the nus sian Empire to furnish us with all the 
help we needed, these humble seamen bared 
their heads and bowed themselves to the earth. 
'Ye had an example before us to show how or- 
derB are ol)eyed by the subjects of that empire 
a thousand miles from the place where the
' were 
issued. But we were received not only in this 
reverential manner, but were welcomed with 
the greatest heartiness, and the best of every- 
thing on hoard was spread before us-salmon, 
reindeer-flesh, eider-gee
e, eggs, tea, bread, 
butter, brandy. The second skipper then came 
on board, and invited us to visit bim-the first 
of 8 series of invitations. Dr. Kepes was very 
pressingly invited, for he had a sic1{ man on 
board his vesscl, and our doctor returned with 
an honorarium of tobacco in his hand. These 
simple Russian seamen of the arctic seas freely 
produced their little stock of good thin.!!s to give 
us pleasure; and one of them, after observing 
me for a long time, and thinking that I did not 
expre
s myself sufficiently strongly for a happy 
man, persuaded himself that f:omething was the 
matter with me, and that I wanted something. 
Forthwith he went to his chest, and brought me 
all the white bread he had, and the whole re- 
maining Etoc1{ of his tobacco: Though Idid not 
understand a word he Eaid, his address was full 
of unmist.akable heartiness, and so farneedeù no 
interpreter. " 


"r e have preferred to let the author of 
this work speak for himself rather than to 
attempt any description of it, which would 
certainly be unsatisfactory within our nar- 
row limits. But we may aùd that it is a 
volume of great 
cientific interest. For 
half a century arctic adventure has been 
inspired by a sentiment of rivalry to reach 
the pole, although more and more it has 
been recognized that its real object should 
be the extension of our knowledge of Ka- 
ture under its remarkable arctic aspects. 
Lieutenant Payer has entered fully into this 
view; and his volume is not only charming 
as a narrative, but contains a great deal of 
important scientific information. 
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TilE COOKING "UANUAL; or, Practical Direc- 
tions for EconomicaJ Every Day Cook- 
ery. By ,J DUET CORSO
, Superintendent 
of the New York Cooking 
ehool. Kew 
York: Dodd, 
[ead &, Co. Pp. 144. 
Price, 50 cents. 
MISS Com:oN has done ,,-ell to give the 
public this result of her experience in culi- 
nary teaching, in a form so. cheap that it 
may ha-ve the widest possible usefulness. 
She is a common-sense woman and takes 
, 
up the 
ubjeci from a point of view that is 
thoroughly practical. The motto of h
r 
book is the following significant question, 
" How weB can we live if we are moderately 
poor?" and it is the object of her little vol- 
Ume,3.8 it has been the object of her school, 
so to. pre
ent the subject of cooking and 
household managemen
 as to answer thii 
question. Her object in preparing it is 
thus stateù: (I This book is intended for the 
use of those housekeepers and cooks who 
wish to know how to make the most whole- 
some and palatable dishes, at tbe least pos- 
sible co
t. In cookery, this fact should be 
remembered above all others-a good cook 
never tl'a3tt38. It is her pride to make th
 
most of everything in the shape of food 
intrusted to her care, and her pleasure to 
serve it in the most appetizing form. In no 
òther way can she prove her excellence, for 
poor cooks n.rc always wasteful and extrava- 
gant." To the prejudice against foreign 
ways of cooking :Uiss Corson replies very 
effectuall.r, pointing out that the two great 
objects to be ever secured in the kitchcn- 
the art of utilizing every part of food, and 
of making food the most palatable and en- 
joyable-are eminently French. 

Iiss Corson says, "The day has passed 
for regarding cooking as a menial and vul- 
gar labor." She is very sanguine; we wish 
we could believe it. 'Ve wish we could see 
some more decisive sign
 that it is pa[i;5ing 
away; we wi
h we could see some faint in- 
dications that it will have passed away in a 
hundred years! Our school system stands 
in the way of it, and where are the symp- 
toms of its decline? 

Iiss Corson's' book is full of excellent 
info
mation, scientific hints, practical sug- 
gestiOlls, anù plain receipts, descriptiye of 
the pl'eparation of many important dishes 
aud the publishers have got it up in a nea
 
form, ,.,.ith good, clear type, that can be 
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i1y read. 'Ve believe it will be found 
eminently trustworthy as a kitchen hand- 
book. 


TilE BEST READING: ßints on the Selection 
of Books; on the Formation of Libra- 
ries, Public and Private; on Courses of 
Heading, etc., with a Classified Bibliorr- 
raphy for Easy Reference. }'ourth r
- 
vised and enlarged edition, continued to 
August, 1876, with the Addition of Se- 
lect Lists of the best French German 
Spanish, and Italian Literature: EditeJ 
by FREDERICK BEECHER PERKINS. New 
y 
rk: G. P. Putnam's Sons. Pp. 34'3. 
PrIce, $1. 7 Ú. 
TIllS guide will be valuable to aU who 
buy books for private libraries or puhlic 
colJections. It has been tried and found 
successful. It names the best books now 
usually in the market in the chief depart- 
ments, and on 
:þe leading topics of current 
and general literature, with their editions 
and retail prices. It is conveniently ar- 
ranged for ready use, änd wiJI give the book- 
buyel' a large amount of -valuable informa- 
tion, that will help him in making judicious 
selections, either on the small or the larrrc 
scale. 0 


TIlE 
hLTO
 ANTHOLOGY: Sclected from the 
Prose 'V ritings. N cw York: Henry Holt 
& Co. Pp. 486. Price, $2. 
MILTON'S prose works have been so 
eclipsed by his poetry that they are popu- 
larly known only by hearsay; yet so great 
is their merit, ùoth in a literary point of 
view and as containing the most able and 
eloquent defense of civil and religious lib- 
erty which had been given to the world up 
to his time, that the plan of collecting 
ome 
of his best papers in a handy volume like 
this deserves to be commended, and wíll 
no doubt be well appreciat
d. Though 
there is much in these writings that reflects 
the 8pirit and circumstances of the times 
which produced them, tJ::ere is much also 
of permanent interest, and which will have 
an enduring place in Englit:h Jiterature. 


THE., GEOMETRID :MOTHS OF THE UNITED 

TATES. By A. S. PACKARD, Jr., :M. D. 
!'p. 607. 'Vith numerous Plates. 'V ash- 
mgton: Government Printing-Office. 
Tms elaborate work forms Volume X. 
of Dr. Hayden's" Report of the Geological 
Survey of the Territories." The author 
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notes a striking and unexpected similarity 
between the insect fauna of Colorado and 
the Ural and Altai Mountains. He believes 
that a careful examination of the existing 
insects of the 'Vestern country will throw 
light on the extinct forms which abound in 
the Tertiary of that region. From an eco- 
nomic point of view, he is of the opinion 
that a systematic account of the insect 
family which embraces the measuring- 
worms-so many of which are injurious to 
vegetation-cannot but be useful to agri- 
culturists. 


their origin the expression of man's -highest 
aspirations. Among the topics learnedly 
discussed by the author are the mysteries 
and orgies, phallic worship, the sacred em- 
blems of the various gods) etc. The pres- 
eDt edition of Knight's work is edited by 
Dr. Alexander 'Yilder, who adds an intro- 
duction, some notes, and a complete index. 
Further, the notes, which in the origimtl 

dilion are mostly in foreign languages, are 
here translated into English. 


.AN ANALYSIS OF RELIGIOUS BELIEF. fly 
Viscount AMBERLY. }'l'om the late 
London edition. Complete. Pp. 726. 
K ew York: D. :M. Bennett. Price, $3. 
THE chief interest of this formidable 
volume lies in the fa('t tlmt it is the pr:oduc- 
tion of a young English nobleman, wbo, 
notwithstanding the powerful influences 
brought to bear upon him to maintain his 
reputable position, chose to be frpe in the 
matter of thought, and had the courage to 
express and the determination to publish bis 
opinion!;, regardless of their llupopularity. 
The volume indicates extensive and sys. 
tematic reading, rather than much depth or 
originality of thought, and to persons who 
have a taste for skeptical literature it will 
have the freshness of an elaborate restate- 
ment ()f objections to religious dogma. 
Lord Amberly believes in the universality 
of the religious sentiment, as a part of the 
THE SYMBOLICAL LAXGUAGE OF AKCIE
T mental constitution of human -nature-as a 
ART AXD JIYTHOLOGY. By R. P. KNlGur. natural and not a supernatural thing-but 
Pp. 267. New York: J. 'V. Bouton. he discredits its intellectual accompani- 
Price, :::3. ments as embodied in tbe doctrines and 
TIlE so-called "pagan" religions of an- creeds of all religions. lIe professes to 
tiquity-the religions of Greece and Rome, take the scientific standpoint, and to write 
of Babylonia and Assyria-so far as we in the scientific spirit, but we question if 
get a knowledge of tbem from a superficial his book would take any rank as a scien- 
reading of ancient authors, appear to rest tific or authoritative c!mtribution to the sub- 
on a basis of childish imaginations, for ject. Its scheme was too 'large, the man 
their dogmatic side, while on their moral was too young, and had done no prclimina- 
(or rather immoral) side they seem to have ry work in any of the special departments 
their roots in un bridled lust and debauch- of science, to give him the power and ma- 
cry. This view of pagan religions is still turity necessary to deal with 
o important 
held b)T the vul
ar, and not very long ago a theme at the present time. ,V ithout com- 
was current even among the learned. The paring his work with that of Mr. Buckle, 
author of the present work rendered valu- his position as regards science is not unlike 
able service to the philosophy of religion that of the author of the" History of Civil- 
when, amid much obloquy, he devoted him- ization in England," who knew a great deal 
self to a patient and dispassionate study about scientific literature, and was much in- 
of this subject, ,and showed that, like all fluenced by its method, but was not strong 
other religion
, those of antiquity were in , and thorough anù well grounded in the 


MORAL l1AXBIS FOR RCHOOLS AND FAMILIES. 
By C. C. B.ÅLDWJ
. Tbird edition. Pp. 
16. Price 10 cents. Petersburg, Va,: 
Darcy, Paul &, Co. 
THIS little pamphlet raises no questions 
of ethics, but, assuming the fundamental 
canons of morality and rules of conduct, it 
aims to drive thrm home into the minds of 
the young by brevity and sharpness of 
statement, so as to make tbe most indelible 
impression. It is interspersed with inter- 
esting illustrations of the sayings and do- 
ings of great men, wbich serve to give in- 
terest to the work. The idea is a good one, 
and well carried out within its compass; it 
is used in the public free schools of Vir- 
ginia, and is a candidate for adoption in 
primary schools everywhere. 
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scicnces which had a vital bcarin'g upon the 
course of his large discussion. If Lord 
Amberly had concentrat
d himself upon 
::;ollle minor branch of his broad inquiry, 
and worked it out with deliberation, his 
chances of ff'cognition in the future would 
probably have be
n much more promising 
than they wilJ be with his .more ambitious 
undertaking. 


1'IIE RAmc.
L REVIEW. Issued quarterly. 
Edited by BE
JAì\IIN R. TUCKER. Pp. 
204. Pl'Íce, B5 per year. :Kew Bedford, 
)[a.ss. 
THE first number of this periodical vin- 
dicates its radical and independent charac- 
ter. Its object is stated to be " the thor- 
ough, fearless, and impartial di.5cussion of 
all sides of all subjects pertaining to human 
welfare, whether social, economic, scien- 
tific, literary, æsthetic, or religious." It will 
show no partiality to any particular school 
or special f;)'stem of belicf, but the labor 
question and the organization of industry 
will receive a prominent share of attention. 
It opens with an able paper, by 'Y. J. Pot- 
ter, on "The Two Traditions, Ecclesiasti- 
cal and Scientific," of which the following 
passage is a good example: 
"But this scientific view of tradition-Dow 
commonly Etyled the doctrine of evolution- 
starts que8tioDs that concern religious and moral 
faith more vitaHy than any we have yet con8id- 
ered. The objection that the dignity of the hu- 
man race is assailed, if lIIan be thus linked in 
m
ural kill
hip with the brute animals, is be- 
coming antiqnated, and needs no cODsideration. 
To ridicule the theory, and oppose those who 
hold it with theological abuse, neither intimi- 
dates scientific men nor abolishes the facts upon 
which tlley claim that the theory rests. To ask 
if you want a monkey for an ancestor may raisca 
laugh among the by!':tanders ; but Science is not 
an8wered b
- a laugh, and does not consult the 
caprice of human wishes 80 much as the pur- 
port of Nature's factA. But even if it were a 
question of the dignity of the human race, it 
mi
ht be replictl that it is better to have ri!i'en 
from an ape than, according to the popular the- 
ological theory, to have fallen from an angel. 
It is more honorable to be climbing up than 
slipping down. And. there are species of alli- 
mal
 \\ ith whom we might more proudly claim 
cOlJsinshil) than with [(orne specimens of mun- 
kind. But this concern lest human dignity i
 to 
suffer from any earnc
tly advocated theory of 
science is puerilc." 


Lysanùer Spooner furnishes a very in- 
cisive and unsparing article entitled "OUf 


375 


}'inancierB: their Ignorance, Usurpations, 
and Frauds," which cleaves the question 
through to first principles. A fine poem is 
contributed by )Ir. E. C. Stedman; and the 
department of cm;rent literature is ably 
treated. It contains a discriminating re- 
\"iew of Mr. J. X. Larned's "Talks about 
Labor, and concerning the Evolution of 
Justice between the Laborers and the Cap- 
italists." 'Ve like this periodical, all 
x- 
cept its dismal pall of a cover. 


DY
A)ncs. By J. T. BOTTOMLEY. Pp. 1<10. 
New York: Putnams. Price, 75 cents. 
THE fundamental principles of " Dynam- 
ics," or theoretical mechanics, are here set 
forth and demonstrated as satisfactorily 
as it is possible to do so for the tyro in 
mathematical science. In cases where the 
subject-matter requires a bigher degree of 
mathematical 'knowJedge, the author con- 
tents himself with giving clear statements 
of propositions and of the meanings of 
formulas, reserving demonstrations for a 
time when the pupil will be better able to 
a ppreciate them. 


S)n'fHSONIA
 REPORT. 1875. Pp. 422. 
'Vashington: Government Printing-Of- 
fice. 
BESIDES the special annual report of the 
Secretary, Prof. Joseph Henry, tbis volume 
contains a number of memoirs and treatises 
on scientific subjects, hoth original and 
seleC'ted. Åmong the translated picces are 
a "Eulogy on Alexander Yolta)" and De 
CandolIe's "Report on the Transactions of 
the Gene\a PhY5ical and Katural History 
Society." Among the original contribu- 
tions is a paper by :Mr. Henry Gilman on 
" Ancient 
Ian in 
Iichigan;" and one by 
Dr. C. C. Abbott, on "The Stone Age in 
New Jerse)"." Both of these memoirs, and 
more especialIy the latter, are illustrated 
with numerous woodcuts. 


VEGETABLE AX!) AXDfAL CELL{;"LOSE. By 
THOMAS T AYLOR. Pp. 8. From Field 
and Ji'01.est. 
THE autI10r de::cribes the method by 
which he detects the presence of cellulose 
in its various forms. This sl1bstance is, 
according to him, a constant ingredient in 
the organs and blood even of the higher 
animals, man included. 
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ACOUSTICS, LIGHT, A
D HE_\T. By 'V. LEES. 
Pp. 300. 
 ew York:' Putnam5. Price, 
$1.50. 
THE student who is acquaintcd with the 
elements of mathcmatical and physical sci- 
ence will find tLis littlc work a very con- 
venient manual for self-im
truction in the 
branches of science of which it treats. TLe 
illustrations "are very numerou
, and greatly 
facilitate the understanding of the text. 


PROCEEDINGS OF THE POt.:"GHKEEPSIE SOCIETY 
OF XATUR.AL 
CIE
CE. Yol. I., Part I. 
Pp. 150. 
'l'HIS work contains a nun1ber of very 
valuable memoirs, among which may be 
named the following: ""
Lite Mildews," 
by 'V. R. Gerard, who also has a learned 
paper on "Insects as Food;" two papers 
on the "Thermoscope," by Prof. L. R. 
Cooley; "Habits of the "
asp, Polisles 
fucat'l&s," by Rev. H. T. Hickok; "Fun- 
gus-Eating," by Dr. E. II. Parker; and 
,. Inclination of tbe Earth's Axis," by C. B. 
'\Varring. 


'VESTERN REVIEW OF SCIE'\CE A '\D I
D"CSTRY. 
Monthly. Pp. 64. Kansas City, :Mo.: 
Journal (If Commerce print. Price, 
82.50 per mmum. 
'\VE have received the first nunlbcr of 
the above-named periodical, which 
e cor- 
dially welcome to the field of scientific 
journalism. It contains articles, original 
and selected, on topics connected with 
archæology, phy
iology, engincering, me- 
teorology, and agriculture. The editor 
aims at fiJIing his pages with useful and 
practical information for the people, con- 
veyed in plain and simple language. This 
enterprise deserves, and we hope will re- 
ceive, liberal support from the public. 


)1 ïELlTIS OF THE AXTERIOR HORx
. Bv E. 
C. SEGUIN, M. D. rp. 1
0. :Kcw Yórk: 
l")utnams. P1'Ïce, $1.50. 
THIS monogl'3.ph is of int.erest only to 
medical men. The substance of it wa:5 
contained in a lecture by the author, printed 
for private circulation only. In the present 
volume a number of l1f;W cases of the dis- 
ea:sc are cited. 


TIIE ])!ETRIC SïS:rEM. Pp. 12. Boston: 
Press of Rockwell t.v, Churchill. 
THIS is the report of a standing' commit- 
tee of the Boston Society of Civil Engineers, 
favoring the adoption of the metric system 
of weights and measures. The committee 
first report on thc growth of this system 
in public favor; then they state the result 
of invitations to united action addres
ed 
by the Society to kinùred organizations 
throughout the country; next follows the 
text of the Society's memorial to Congress 
praying for the enactment of laws estab- 
li
hing the metric system. 


THE A
CJENT GLACIERS OF XEW ZEALAXD. 
By 1. C. RGSSELL. Pp. 13. "ïth 
Iap. 
TIns is a paper reprinted from the 
" Annals" of the X ew York L) eeum of 
Katural History. The facts noted by the 
author seem to point to a time of extreme 
cold in the southern hemisphere, aoswering 
. to the glacial epoch of the nOrthern. 


NATURAL HISTORY OF ILLINOIS. Pl'. J;6. 
'Vith Plates. Bloomington, Ill.: Pant a- 
graph Printing-Hou
e. 
'VE have here Bulletin No. 1 of the 
Illinois Museum of Natural History, con- 
taining papers on "IJlinois Crustacea," 
"The Tree in "Tinter," "Sodic Pinate "as 
a Test for Lime;' a " Partial Catalogue of 
the Fishcs of Illinois," "Parasitic Fungi>,' 
and" The Orthoptera of Illinois." 


A}I"ALYSIS OF :MILK. By E. H. TO
 nA"C
I- 
HAUER.. Pp. 34. Xew York: Trow & 
Son print. TOPOGRAPIJlCAL S('"RVEïS .AND THE Pt.:"BLIC 
'VE have here, reprinted from the Ameri- HEALTH. By J. T. G.ARD
ER. Pp. 10. 
can Clwmist, Dr. Carrington Bolton'8 trans- Albany: Argus print. 
lation of a paper read hy 
r. Baumhauer THE thesis here defended by 'fr. Gard- 
at the Buffalo meeting of the American ner is, tl
at the sources of mnny prevailing 
Association. It. contains a description of diseases are to be found in various natural 
a new method for determining the essential conditions of the earth's form and substance, 
constituents of milk, especially designed as weU as in soils poUnted by man. The 
for the use of chémists who may be called geographer and the physician must work 
on to testify fiS experts in courts of ju
tice. I together in the study of the public health. 



LITE-YRo
JRY .1VOTIGES. 


GEOGRAPUICAL SURVEYS I
 THE U
ITED 
STATES. By G. K. \V ARREN. Pp. 28. 
'Vashington: Judd & Detweiler. 
GEXERAL ,r ARG.EN here undertakes to 
"còrrect the erroneous estima.te of the 
geographical work of officers of the "Cnited 
States, made by one of our countrymen," 
viz.) Prof. J. D. 'Yhitney, in his article on 
"Gf'ographica.l Sun'eys," which was pub- 
lished in tbe 
Vortl" .Am,erican Review for 
July, 187:>. 


REPORT OF THE NEW YORK :METEOROLOGICAL 
ÛnsEIn.ATORY (1874-'7.3.) By D. DRAPER. 
MR. DRAPER {;h-es a description of an 
improvement in the rain-gauge, and of a 
self..recording pencil thermometer - both 
being the fruits of his own researches and 
mechanical ingenuity. The report further 
contains the usual annual and monthly 
tables of meteorological phenomena. 



-\. CENTURY'S PROGRESS IN _hIERIc.\
 Zo- 
OLOGY. IJy.Â. S. PACKARD, Jr. Pp. 8. 
PROF. PACKARD, within the ntU'row limits 
of this too brief essay, contrives to give a 
very readable accoant of the progress of 
zoölogy in the United States. To Barton 
he 0 assigns the honor of being the first 
American zoölogist whose works have been 
published here. Barton's memoir on the 
U Fascination of the Rattlesnake," and on 
the "Generation of the Opossum," ap- 
peared, the fir
t in 1706, and the second 
in 1801. At present zoü1ogy in the United 
States is, according to PI'of. Packard, very 
backward as compared with Germany, 
France, and England. 'Ve are about on 
a level with the Scandin
vians and the 
Dutch; but, with our energy and native 
ability, and the aid of well-cndowcd col- 
leges and museums, we may hope hereafter 
to compcte evcn "ith Germany. 


KDmERGARTE
 
fESSE
GER. Cambridge: 
Elizabeth P. Peabody. Pp. 3
. 
ix 
numbcrs a ycar. Subscription price, 
$1 per annum. 
IT is to be hoped that the energetic edi- 
t01' and publisher of t11is useful magazine 
will receive such cncouragement from the 
public as will warrant hcr in continuing its 
publication. The Kinder
arten system has 
no more able exponent in the United States 
than 
1iss Peabody. 
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Gold and Deht. By W. L. Fawcett. Chicago: 
S. C. (J l'igg8 &, Co. Pp. 
no. Price, $1. 75. 
Handbook of Hygiene. By G. Wihion, 1.1. D. 
Philadelphia: LilHlßay & Hlaki::stoll. Pp. 520. 
Price, ::;3.50. 
Turkey. B
- J. Baker. New York: Holt & 
Co. Pp.515, wIth Two C"IOl'ed -'laps. Price, $-1. 
Annual Record of Science and Iudu
try. By 
S. F. Baird. 
ew York: Harpers. Pp.845. 
Price, $2. 
Li
btning Protection. By II. W. SpRJ1
. 
Philadelphia: Claxton, UemstJu & Haffelfiuaer. 
Pp. 180. Price, $1.50. 
Aocient Societ.y. By L. H. )forgan, LL. D. 
New York: Holt & Co. l>p.5î6. Price, $t
 
Anonymous HYPoUle8is of Creation. By J. 
J. Furniss. lÇew York: C. P. 
omerby. Pp.54. 
Personal Immortality. By J. Oppenheim. 
New lork: C. P. 
omerby. Pp. 98. 
Theoretical Chemistry. 0 By Dr. Ira Remsen. 
Philadelphia: H. C. Lea. Pp. 2:

. Pricc, $1.25. 
Primer or Chemi"try. By A. Yacher. Phil- 
adelphia: Liudsay & Blakislou. :Pp. 116. Price, 
50 cents. 
Forces of Nature. Part I. By A. GniIle- 
min. New York: 1\[.}cmil1an. l>p. 4U, with 
Illm,tration8. Price, 4ù cents. 
Atlas of the Geology of a Portion of the "Ginta 
1tfouut.aius. By J. W. Powell. 
ew York: Ju- 
lius Biell, lithugrapher. 
Report or Ohio State Fish Commission. Co- 
lumbu8: N eviu!'\ &; l\Iyel.s prin!. }>p. 91..i. 
Acres of Sun and Fixed 
tar8. Pp. 4. Mete- 
oric i.'ireballs. l>p.7. By D. Kirk wood. 
Utah DiaJects. B, E. .A. Barber. Extrac
 
from Hayden.s HelJo'rts. Pp.13. 
Physiology of the 
rain. Pp. ,1:;. Reflex 
Io- 
tor Symptum8. Pp.15. lly Dr. E. Dupuy. New 
York: Appletons-. 
Errors of Refraction. Bv Dr. F. A. MWlson. 
Albany: Riggt; print. Pp. it. 
Valuation of FertiJizcfs. By A. R. Ledonx. 
Raleigh, N. C.: GòsérVtr print. Pp. 15. 
'Ve8tern Diptera. By C. R. Osten-SackeD. 
From Hayden's Heports. Pp. IG3. 
Report of the Directors of the Philadelphia 
Zoölogical Society. Pp. 36. 
Growth (If Children. ßv Dr. H. P. Bowditch. 
From 
Ia
sachusctts HeaÌth Board Report. Pp. 
51- 
Kings County :Medical Society Proceedin
s. 
Pp.18. 
Eruptive )fountains in Colorado. By Dr. A. 
C. Peale. From Hayden's R('ports. Pp.14. 
Bulletin of the Gco
raphicnl find Geolo
ical 
Survey of the Territories. T. V. Hayden in 
charge. Vol. III., No.1, pp. 185; No.2. pp. 
339. 'Vashingtoll: Government Printing-Office. 
Bnlletin I. of United States Entomolo!!iCL1ll 
Commission. \VaEhington: <.:.1overnment Print- 
ing-Office. Pp. U. 
Ql1admt.ure of Circl0. By R. K. Carter. 
Chester, Pa.: Sprncer print. rp. 12. 
Rules of Eng-lish Conversation Club at Ko- 
lozsvar. Pp. HI. 
Johns Hopkins University Second Annua) 
Report. Pp. 50. 
BJl1e-Gla!':8 Cure. By Dr. E. B. Foote. Pp. 
63. Price, 10 cents. 
Overturning the "or1d. Bv DI', G. 1tf. Ram- 
o Bey. New York: McBreen print. Pp.27. 
Dakota CnJ('ndar. Bv Lielltenant-Colonel 
G. 
lallcry. From Hayden's Rr'ports. Pp 25. 
Paleontolorricnl Paper. Bv Dr. C. A. Whit
. 
From Hu
rden's Reports. Pp
 30. 
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The Art of tlIe farrier.-It is with 
regret that we are forceù by want of space 
to present to our reader8, in the unsatis- 
factory shape of a 8)"1l0psis, a valuable 
article on "The Art of the ;Farricr," by Dr. 
D. D. Slade, published in thc Bulletin of tlte 
Bussy rnstitution, vol. ii., Part I. In the 
state of Nature, we are there told, the growth 
and wear of the horsc's hoof are in perfect 
equilibrium; in the domesticated state weal' 
exceerls growth, and some means of pro- 
tection must be dcvised. But this again 
destroys the balance, and growth is in ex- 
cess. This excess must be removed either 
by natural wear of the bare hoof or by 
Reopening of an Old Ronte into Siberia. artificial means. The farrier's art consists 
-Fully three hundred years ago the Ru
- in removing this excessÏ\-e growth. The 
sians carried on aU,extensi\'e trade betwee
 I hoof of the young animal, before it has 
Archangel and the settlements on the ObI been 8hod, needs little or no preparation 
and Yenisei. .About the same period the from the farrier's hands. The foot that 
Kara Sea was navigated by English and has already been 8hod must have the nails 
Dutch mariner
, in search of a northeast extracted, and its ground surface cut down 
pa
sage to Japan. The Russians employed to the proper level. The growth is greatest 
wretehcd flat-bottomed boats, call
d kotch. at the toe; in leveling the wall, reduce thc 
kies, and in these they braved all the dan- hoof at the toe to a level with tbe unpared 

ers of nayiptting the stormy Kara Sea. heel. The shoe mu::;t not remain on the 
But, till quite lately, this route to the in- hoof more than one month' at a time. 
terior of Siberia was abandoned, and the The heel selùom neeùs paring away, be- 
belief was generally entertained that the ing usual1y worn away by the motion Le- 
existence of ice in the Kara Sea presented tween the iron of the shoe and the horn. 
an im;uperable obstacle to navigation. Re- The process of "opening up" thc heel de- 
cent expeditions to the mouths of the Obi stroys that portion of the foot which was 
and Yenisci, and up those ri"ers for hun- designed by Nature as a defense against its 
dreds of miles, have demonstrated the entire contraction; this clefc_nse should never be 
feasibility of this route to the interior of Si- mutilated. Thc practice of paring the sole 
beria. The influence of the Gulf Stream and and destroying thc Lars is to Le condemned 
equ.Üorial currents on the temperature of so long as the parts are healthy; it CXpOSèS 
the Kara Sea is app3rent from the fact that the -scnsitive portions Leneath to injury. 
its waters are as much as 18 0 or 20 0 warmer The frog should be rctaineù in its integrity. 
than the waters in the same latitudes off Rasping the wall after the application of 
the east coast of Grecnland or in Davis's the shoe cannot be too strongly condemned; 
Strait. Of Siberia, the country to be opened it destroys the polish of the external la)"cr 
up to commerce by the navigation of the of horn which protpct:3 the layers beneath, 
Kara Sea, 
I. de Lesseps declares that it is rendering the crust brittle. 
the richcst country in the whole world as The shoe ought to present a concave 
re
ards its vegetable, mineral, and animal I surface to the ground, and a plane surface to 
products. The great rivers of Siberia flow the foot. But, where the sole has Leen rou- 


Sugar-Refinery of Hnvemeyers 8; Elder, 
From ., Illdu
trial America." Pp.18. 
Report on the Retreat for the Insane. Hart- 
ford. Conn.: Case, Lockwood & Brainard Co. 
print. Pp.36: 
Steam-Engine. Dr F. J. Bramwell. Lon- 
don: Macmillan. Pp. 6
. Prke, 6d. 
Di
tilled 'Vater from Service-Steam. By C. 
E. 1\lunroe. From .Amalcan Chemist. Pp. 12. 
Superficial Dcposit8 of Xebra8ka. By Dr. 
S. Aughey. .From Haydcn':; Report:5. Pp.31. 
Self and CrO.,8 Fertilization of Flowers. By 
T. Meehan. Pp. 8. 
Circular Eight of Johns Hopkins "Cniver!ity. 
Pp,12 
TIle Xew C'tnI ury. Pp. 46. $1 a :rcar. 
"Kat.ural RC80urces of the Black Hill
. By 
"T. P. Jenney. Wa8hillgton: Government 
Printing-Office. Pp. 71. , 
Proceedings of American Chc'mical Society. 
\T 01. I., K o. 3. Pp. 7i. 
Pennsylvania Collcge JIonlhly. Gett
'sburg: 
'Yible print. Pp. 2S. 
Yick's Floral Guide. Rochestcr, N. Y. Pp.30. 
Poisonous )Iushrooms. By Dr. I. Otto Pp.6. 
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from the south to the north, forming a yast 
fan which wiùen
 in the intel"Íor of the 
country, to the great a<ivantage both of 
vegetation and of commerce. The Obi, with 
its confluent the Irtish, affords a nayigaLle 
highway into China. 
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tilated by un
killful shoeing, the concave 
and plane surfaces have to be reversed. 
\Vhatever form is adopted, the shoe must 
fit the foot, its outline corresponding exact- 
ly to its ground-surface. The shoe must be 
of the same thickness throughout; where 
calks are required, they should be of equal 
height at heel and toe. The number of 
mlils to each shoe, for a saddle or light- 
draught horse, need not be more than five 
or six in the fore and seven in the hind, but 
more widely distributed than they usually 
are. The hold of the nails should be short. 
The sli
ht scorching of the horn.fibres by 
the application of a hot shoe has rather the 
eftèct of preserving them against untoward 
influences than of inflicting injury. 
Disease often produces changes which 
require 
t modification of the system adyo- 
cated aboye. In caring for the feet all that 
is needed is strict attention to cleanliness. 
SECTIO
 1. From and after tbe passage or 
They should be daily sponged with clear this act, it shall be lawful, tbrougbout the Com- 
water, and afterward the parts above the monwea1th of :Massachusetts, to employ the 
hoof rubbed dry. The unmutilated sole weights and measures of the metric system, and 
forms in itself the best defense against the no contract or deaJin
 or pleading in any court 
shall be deemed invalid or liable to o
jection 
extremes of dryness or moisture, and because the weights or measures expressed or 
" stuffing" and other artificial measures are referred to therein are weights or measures of 
worse than useless if the natural sole has the metric system; and the metric weights and 
been preserved. Placing the animal on a measures received from the United States, and 
P erfcctl y Ie I fl 'Il t d now in the Treasury of the Commonwealth, may 
. . v.e 001' WI promo e a soun be used and taken M authorized public stand- 
condItIon of the feet, and conduce to the ards of weights and measures; and these au- 
general health or the horse. I thorizcd standards shall in no case be removed 
from the Treasury, except under necessity for 
their preservation or repair. 
SEC. 2. The following tables ehall be reco
- 
nized in the co.nstruction of contracts, and in all 
legal proceedings, as establil"hing, in terms of 
the weights and measures now in use in the 
State of :Massachusetts, the equivalcnts of the 
wei
htB and measures expres!?ed therein in 
terms of the metric system; and said tables 
may be law-fuBy used for computing, determin- 
ing, and expressing, in customary wei
ht8 and 
measures, the weightA and measures of the met- 
ric E\ystem. (Here follow the tahles.) 
SEC. a. The Treasurer is bereby authorized 
and directed to procure duplicate sets of the 
metric weÏ!rhts and measures, conformable to 
the standards now in the Trensury; of which two 

ets shall be retained for the use of the Treas- 
urer and his deputy, and from which there shall 
be fnrni
hed one set to the trl.'3SUrer of each 
shire town in the several counties of the Com- 
monwealth, and each city not a sbire town. 
SEC. 4. The duties of the Treasurer of the 
Commonwealth find his d('puty, find the òuties 
and responsihilities of the treasurer of each 
town, with respect to the keeping, care. verifi- 
cation, and use of the standard weightf! and 
measures so furnished, shall be tile same with 


A Pla
ne of Ri1bblts in Xe" Zea- 
land.-Some years ago rabbits were intro- 
duced into South Australia from England; 
later, a like importation was made into New 
Zealand. X ow these rodents arc a formi- 
dable pest -in those countries, and it has be- 
come a question of extreme urgency how 
they can be exterminated. In New Zea- 
land a commission has been instituted by 
the Government to inquire into the. subject, 
and devise a remedy. Already, though only 
a few years have passed since the introduc- 
tion of the rabbits, large tracts of rich past- 
ure-l:md have been converted into wilder- 
ness, and sheep-farmin
 and cattle-rai:;:ing 
are becoming hnpo
sihle. Farmers that 
u
ed to keep 15,000 or 16,000 sheep can 
now hardl
' keep as many hundred. Land- 
owners employ men and dogs to de
troy 
the rabbit
, but, though the number killed 
is enormou
, the evil continues without se- 
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rious abatement. One land-owner inclosed 
with a stone-wall an area of 10,000 acres, 
the work taking seven years to complete, 
and involving an e
pcnditure of 1:35,000. 
About 500,000 rabbit-skins were exported 
from Hobart Town in 1874. It is proposed 
to introduce from England, if possible, sev- 
eral natural enemies of the rabbit, such as 
stoats, wease]s, ferrets, and bawks. 


l'letl'ie Weights and lUeasnl'es in lUassa- 
tl1nsetts.-Below we give the main provi- 
sions of a law recently enacted by tbe Le- 
gislature of 
Iassachusetts, legalizing the 
metric system of weights and measures, in 
conformity with the laws of the "Gnited 
States. Other States, in legislating upon 
this subject, will doubtless frame their laws 
according to the model here set before them 
by the Commonwealth of 
lassachusctts: 



3 80 


THE POPULAR SGIE.1.VCE JIOJVTHL1r. 


those established by existing Etatutes with re- 
t::pect to the standard wei
hts and measures 
heretofore proyided. And it ib hereby provided 
that no t::hirc town in which there may be two 
or more sealers of weights and measures shall 
for that reason bc required to procure additional 
sets of the metric weights. and measures. 
SEC. 5. The deputy and Treasurer 
hall verify, 
adjust, and seal all metric weights and meas- 
ures that may be brought to him for that pur- 
pose, and he shall receive a reasonable compen- 
sation therefor; and the sealer of weights and 
measures in each town that shall receive the 
standard metric weigl1ts and measures, as here- 
inbefore provided, 
hal1 verify, adjuH, and sea] 
all metric weights aud measures tllat may be 
brought to him for that purpose from within the 
county in which such town is situated, aud be 
shall receive a rcasonable compensation there- 
for; but he Ehall claim 110 fees for any sealineT 
verific.ation, or adjustment, for the pel'forman;
 
of which hc m3Y otherwise receÍ\'e compensa- 
tion by salary paid by the town. 
SEC. 6. All persons using wei,;!:ht
 or meas- 
nres of the metric system for the purpose of 
seHing any goods, wares, merchandit;e, or other 
commodities, shall have them adjusted, Eea]ed, 

nð. recorded. by some authorized sealer of 
weights and measures, and shall thereafter be 
responsible for the correctnl.'ss and exactncss 
of the same; and no IJerson using illegally or 
frauduler.tly the metric weightf\ and measures 
fE.hall thereby be freed from any liabilities or 
penalties to which he would ha,-e been exposed 
in case the weights and measures employed had 
been the ordinary wf'ights and measures hereto- 
fore and now in use in this Commonweallh. 


tleopatra's N('edl('.-This obelisk, of 
y- 
enitic granite, sixty-eight and one-half feet 
long, six feet eleven inches wide on each 
side of the basp, tapering to four feet nine 
inches nenr the summit, is 3,300 years old, 
and was set up by Scsostris in front of the 
temple at Heliopolis. It was brought to 
Alexandria by Cleopatra about the year 40, 
and has been there, standing or lying, up- 
ward of 1,800 )'ears. It is of rose-colored 
stone, and is covered with hieroglyphics. 
It was presented many years ago by the 
Pasha of Egypt to the Prince Regent of Eng- 
land, and the British Government accepted 
the gift, but lmve never been able to get 
it transported to Lonr1on. At length Dr. 
Erasmus '\Vi1son, a distinguished surgeon of 
that metropolis, and known as the author of 
books on skin-disea
es, concluded to pay 
the expenses himself of tram:.porting the 

reat monolith, and bargained ,,,ith a )[1'. 
Dixon to bring it to England and erect it on 
the Thames Embankment for EIO,OOO. 


The plan proposed for transporting the 
., Needle" to England is described as fol- 
lows in Chambe'ì"s's Journal: "The obelisk 
is to be fixed by cross.divisions or dia- 
phragms of wood in a cylindrical vessel 
formeù of wrought-iron plates. There will 
be seven diaphragms, and consequently 
nine water-tight compartments. :For safe- 
ty, the obelisk will be inclosed in wood and 
well packed, a little below the central level 
of the vessel, which will be closed at both 
ends. 'Yhen completed, with tbe obelisk 
inside, the vessel will be about ninety-five 
feet in length and fifteen feet across. After 
being rolled into the sea and towed to the 
harbor, it will be bal)asted and be provided 
with a keel, deck, sail, and rudder. For 
these operations, man-holes will have been 
left in the cylinder. These holes will be 
opened, so that access may be had to all 
the compartments. There will be no part 
into which a man may not enter if neces- 
sary until the cJlinder is finally sealed up 
for floating. The "vessel will be in charge 
of two or three skilled mariners, for whom 
a small cabin on deck will be 'pl'ovided. It 
will be towed the whole way Ly a steam- 
tug, the sail being simply for steaùying the 
cylinder." There is likely to be some de- 
lay in executing this project, for it is now 
reported that the Egyptian who owns the 

and around the obelisk objects to the re- 
. moval of the shaft, claiming it as his prop- 
erty. 


Edufation and frime,-In a recent num- 
ber of the Polytechnic Review is an abstract 
of a paper on "Useful Education/, by Mr. 
R. Bingham, containing many facts and ob- 
servations that are worthy of notice in these 
times of "forcing" i.n education. Mr
 
Bingham does not believe that school-edu- 
cation tends to diminish crime. He t3ays 
that the ratio of crime to population is less 
in Ireland than in Massachusetts, and that 
property is more secure in Italy," ith its 
many millions of illiterates, than in the Old 
Bay State with all its schools. Of the 373 
prisoners recehoed last year into the 'Vest- 
ern Penitentiary of the State of Pennsyl- 
vauia, 285 had attended public schools, 1 
 
private schools, and 69 had never gone to 
school. Of the 2,383 prisoners receh ed 
into the Eastern Penitentiary of the snme 
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State during the tcn years ending with I all of the three commissioners are more or 
1869, 1'1.21 per cent. Wel'e illiterate, and less strong sL1pporters of Pasteur's view. 
81.83 per ccnt. had never been apprenticed. Their bias must inevitahly indi:,pose them 


"All observers will admit," remarks the 
author, "that there is not. as much intelli- 
gence and skill working on the fa.rms now 
as there was twenty years ago. The fears 
of the farmer
 were not t.hat their sons 
would know too much, but that they would 
do too little. It was not book-farming, or 
wisdom with work, they feared; but mak- 
ing hay in the shade, or farming by the 
fireside; plucking geese in the courts, 
preaching for practice, pills for pumpkins, 
the pen a.nù yard-stick for the plough and 
harvest-fork. The change has not been 
from prison to school so much as from hon- 
est labor to idleness and crime. Everything 
else being equal, mental culture raises the 
standard of morality; but we would choose 
a community of industrious and illiterate 
members, rather than one of idle and liter- 
ary habits, for a high standard of mo- 
rality." 


Lab's! Pha
e of the S})ontaneoDs-Gell- 
eration COllh'oHl'sy.-Dr. Bastian, of Lon- 
don, having submitted to the Paris Acad. 
emy of Sciences the results of certain ex- 
periments which, as he maintains, decisive- 
ly confirm his theory of spontaneous gen- 
eration, Pasteur criticised the English in- 
vestigator's methods and conclusions, and 
asked for the appointment of a commission 
to determine on which side the truth lies. 
At the same time he expressed a wish that 
Dr. Bastian should in like manner ask the 
London Royal Society to appoint a similar 
commission. According to the terms of 
M. Pasteur's challenge, Dr. Rastian must 
obtain, in the presence of competent judges, 
bacteria in sterile urine on the addition ofliq- 
uor potassæ in suitable quantities, the liquor 
potassæ being prepared from puré potash 
with pure water; or, if made from impure 
materials, it must be submitted to a tem- 
perature of 230 0 for twenty minutes. Dr. 
Bastian has accepted the challengc, and 
has applied to the Royal Socicty for thc ap- 
pointment of the commission. The French 
commission i
 already constituted: it con- 
sists of Milne-Edward;;:, Dumas, and Bous." 
singault. The Lancet justly complains 
against this s('lcc
ion, on the ground that 


toward Bastian's argumcnts. The Lancet 
asks why Frérny or 'Trécul, or some otber 
man without bias eithcr way, was not placed 
on thc cOll1mi::;::;ion. The Academy has ap- 
parcntly made a mistake in this matter; 
perhaps whcn the comments of the Lancet 
are' brought to the notice of the members, 
a change will be made in the commission. 
The ROJal Society has not yet named the 
members of the Englbh commission. 


Action of the Retinal l\'en'es. - Some 
years ago, while suffering from indisposition, 
Prof. Tait observed that, wbenever he awoke 
from a feverish sleep, the flame of a lamp, 
seen through a ground-glass shade, assumed 
a deep-red colo.1" the efflct lasting about a 
second. He supposes that the nerve fibrils 
of the retina also slept, and that, on awak- 
ing, the green and violet nerves resumed 
their functions a little later than the red. 
This observation of Tait's is recalled by 
Prof. Ogden N. Rood, in the American 
Journal of SCience, who adds an analogous 
observation of his own, going to show that 
after nervou::; shock the green nerves (to 
adopt the theory of Young) receive their 
activity later than the red, and probably 
later than the violet ner"es. Having taken 
chloroform at the hands of a dentist, be 
obscrved w
th surprise, on regaining con- 
sciousnes:;:, that the operator's face was 
vcry red, and the next instant that his hair 
was of a purplish-red hue. The il1usion per- 
sisted for a second or two. Prof. Rood 
then gives an instance of chronic effects of 
similar character which were obscrved for a 
couple of weeks cOlJ.tinuously, during con- 
valescence from typhoid fever. III this casc 
white objects appeared of a not very intense 
orange-yellow; here the activity of the 
green and yellow nervcs was diminished 
relatively to that of the rcd. 


Food or tllC Wnter-Tortoise.-Though 
provcrbial for its sluggishncs5, the water- 
tortoise, according to a writer in Science Gos- 
sip, appears to have a special rclish for the 
natural food of the cat. Kceping a couplp 
of them in an aquarium, but uncertain as to 
the kind of food best suitcd to their needs, 
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this gentleman fed them at first with worms, den's survey, was intrusted to Meek. He 
slugs, and flies, nnd of the latter they also helped to work up the invertebrate 
seemed very fond; yet they did not thrive. paleontology of' Illinois, Ohio, California, 
One morning on entering the room in and sundry Territories surveyed by other 
which their tank was placed, he discovered expeditions besides Hayden's. Thorough- 
a sparrow which had got in through an ness, scrupulous exactness, and nice powers 
open window, and which in its efforts to of discrimination, are manifested in all his 
escape had fallen into the tank, when thc labors. ".Ko one in America," saJs Dr. C. 
larger tortoise quickly seized it by the leg A. 'Yhite, the author of the oLituary notice 
and drew its head under the water until it from which we quote, " has done more than 
was drowned. Two hours afterward noth- he to systematize and advance the science 
ing remained of the bird but the wing- to which he devoted his life." His health 
feathers, and clf'anly-picked bones; all the was always precarious, and for se"f'cral Jears 
rest of it having been devoured. After this I before his death he was entirely deaf. He 
the animals would not touch - even flies for never married, and left no near relatives. 
nearly a week; but then, on offering tbem a 
dead gold-fish about five inches long, they 
ate it eagerly, leaving nothing but the head 
and backbone. .A week or ten days later, 
a live mouse was dropped into the tank, 
and, like the sparrow, this was soon seized 
by the larger tortoise-by the head instead 
of the legs-and pulled under the water 
until drowned. The head was then torn off, 
the skin turnf>d inside out and rej
cted, and 
all the other parts devoured except the 
bones. This food appeared to agree with 
them perfectly, and they were afterward 
supplied with mice, on which they grew 
rapidly and kept in excellent condition. 


Tile Electriral Phenomena of tlt
 Torpe- 
do. - Marey has lately been engaged in 
studying the electrical discharges of the 
torpedo, with the aid of a ,cry delicate 
electrometer and an in
cribing apparatus. 
His experiments show that, on exciting a 
nerve of the animal's electrical apparatus, a 
flow of electricity follows in about one- 
çightieth of a second, lasting about one- 
fortieth of a second. The voluntary dis- 
charge of the torpedo con::;ists of successive 
flows of currents, varying, according to tem- 
perature, from twenty to one hundred and 
forty shocks per second; the ùirection of 
the current
 being from the back to the 
FieldinfP Bradford Ueek.-The' Amai- belly. As the current;:; continue to flow for 
can Journ
l of Scif'lIce and Aí.ts for March I a lon?er time th
n the interv
ls b
tween 
contains an obituary notice of Fielding the tunes of their commeI
cement, It hap- 
Bradford Meek whose death occurred on pens that several currents flow 
imulta- 
, 
December 21st. From it we gather the fol- neously, and thus the intensity of the dis- 
lowing particulars relating to the life and charge is increased by accumulation. The 
labors of that distinguished paleontologist: phenomena correspond closely to those of 
He was born in Madison, Indiana, on De- muscular work. 
cember 10, 1817, and in ear1y manhood 
chose a mercantile career. Here he was 
unsuccessful, and in ] 848 he became an 
nssistant in the rnited States Geological 
Survey of Iowa, 'Visconsin, and :llinneso- 
ta. In 18:>2 he was assistant to Prof. Han, 
at Albany, in the paleontological work of 
the State of New York. Here he remained 
until 1858, with the exception of three 
summers f;pent on grological surveys of 
'V estern 
tates and Territories. In 18:>8 
he went to 'Vashington, and there remained 
till his death, except while in the field. 
The invertebrate paleontology of the Rocky 
.Mountain region, as developed by Dr. Hay- 


The Appalacblan-]Ionntain Clnb.- Prof. 
E. C. Pickering, President of. the Appala- 
chian-JIountain Club, in his annual address, 
congratulates the club on the large attend- 
ance of members at the ten meetings so far 
held, and the interest manifested in the la- 
bors of the club. The principal scientific 
work of the club for the past sea50n was in 
the direction of topography-conecting all 
the available measurements from the works 
of Bond, Lock, V 08e, and Hitchcock. A 
complete map of the "
hite Mountains has 
been made by JIr. IIenck. One of the grrat- 
est achievements of the club is the introduc- 
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tion of Edmands'5 Topographical Camera, 
an instrument by means of which mountain 
profiles may be drawn with great accuracy. 
The work done by the president himself 
includes between 6,000 and '1,000 measurc- 
ments of the horizontal and vertical posi- 
tions of the mountains. The" Department 
of Improvements" has constructed a sub- 
stantial path which makes the peak of lfount 
Adams easily accessible to auy good pedes- 
trian. ...\n excellent camp has been estab- 
lished on Mount Adams, which will doubtless 
soon be followed by otbers. The club at 
present has its headquarters in the 
Iassa- 
chusetts Institute of Technology, but this 
arrangement is only temporary, and it is 
the intention of the Council, as soon as pos- 
Eible, to hire a room in which to collect a 
library of books, maps, photographs, and 
paintings of tbe mountains. A summer 
school of topography, under the auspices 
of the club, and with special reference to 
State surveys, is in contemplation. 


Economy in Stock-Feediug.-'Ve com- 
mend to the attentio'1 of such of our readers 
as are farmers a paper by Prof. Samuel W. 
Johnson, in the American Journal of Science 
and Arts for Marcb, on h The Composition 
of Jlaize-Fodder." The paper is extreme- 
ly valuable, and abounds in practical obser- 
vations, for two or three of which we make 
room here. Regarding the influence of age 
upon the content of albuminoids in forage 
plants, the author states that quite young 
meadow-grass as it is found in pasturage 
contains in its dry matter twenty-four per 
cent. of albuminoids, cut just before bloom 
twelve per cent., and at the end of blossoming 
eight per cent. In case both of maize-fod- 
der and mei.dow-grass the inferior quality 
of the older vegetation is compensated by 
the superior quantity. The author holds 
that in Kew England the farmers can raise 
or buy Indian corn, cotton-seed, meal, and 
other concentrated foods, and combine them 
with coarse fodder to make a cåttle food 
equal or superim' to the best of hay, at less 
cost than is involved in feeding the latter. 
But to thl'OW cured maize-fodder out in the 
cattle yard, or to feed it in the stall as hay 
is fed, is highly wasteful. It cannot be fed' 
alone or as an adjunct to hay: to use it pro- 
fitably it must be finely cut and well mixed 
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or alternated with maize or cotton-seed meal, 
bran, or some similar material. :Maize meal 
and similar articles contain too much albu- 
minoids, fat, and starch, for healthy and 
economical cattle food; maize-fodder con- 
tains too little of these and too much coarse 
fibre; the two should be mixed. 


,nacre the Ancients got their Tin.- 
Shortly before his death, Karl Ernst von 
Baer contributed to the .ArclÛv für .Antkro- 
polo[Jie a paper entitlell " "'hence came the 
Tin for Ancient Bronze ?"" The subject.is 
one that has long engaged the attention of 
archæologists, but hitherto the only sources 
assigned for this tin have been Cornwall 
and the straits of 
alacca. There has, how- 
ever, been a vague notion that tin may also 
have been derived from Georgia, Armenia, 
or Persia. To decide this question, Von 
Baer addressed' an inquiry to 
I. Semenow, 
Vice-President of the Russian Geographical 
Society, who obtained the desired informa- 
tion from a traveler named Ogorodinkow. 
According to his report, tin occurs and has 
been worked in two localities in Khorassan. 
It was the opinion of Yon Haer that many 
of the bronzes of Assyria and Babylonia 
were made from tin obtained in this region. 


NOTES. 


THE Christian Fnion has begun the 
publication of a series of articles, by dis- 
tinguished writers, on "How to spend the 
Summer." Each writer will speak from 
personal experience, and, if the articles we 
have seen are a fair sample of those to 
come, everybody seeking health or pleas- 
ure, either at home or abroad, will be prof- 
ited by reading them. 
AmnsslON to 110spital for purposes of 
clinical instruction has at Jast been granted 
to female medical students in London. This 
removes the onJy remaining ohstacle to a 
complete medical course for women in Eng- 
land; and the concesi'ion came just in time 
to prevent the break-up of their leadinO' 
medical school. 0 


DURING the coming summer a limited 
number of teachers of mathematics or as- 
tronomy will be permitted to spend a por- 
tion of their vacation at the Cincinnati Ob- 
servatory, in the pursuit of studies con- 
nected with thcir special departments of in- 
struction. Particular attention will be paid 
to the art of computing, in ord
r to give an 
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insight into the practical application of 
mathematics to a::-õtrünomy. Opportunity 
will also be affordcd to learn the use of in- 
struments. 
SIEGFRIED STEI
 advocates tbe employ- 
ment of rock-crystal for making normal 
standards of wdght and measure, and other 
instruments of precision. The advantagt's 
of rock-cry:stal for the
e purposes consist 
in its indiffcrence, at common temperature, 
to the action of acids and bases, or of at- 
mospheric ga::ies 01' moisture. 
A NEW method of cleaning the skele- 
tons of small animal.s, by utilizing the enor- 
mous appetites of tadpoles, is df'scribed in 
the En[Jlislt J[( cltanic. M. Lai'este, t he dis- 
coverer, has found that tl:e tadpoles may 
be quickly habituated to a. meat-diet, and 
that they rapidly denude the ùones, when 
the carcass, }.H'e,-iously skinned, is presented 
to t11Cm in water, kept in a warm and Eome- 
what darkened place. 
TIlE syllabus of a course of lectures on 
American prehi:-:torie ai'chæology, to be de- 
livered before the College of I'Ïne }..rts of 
Syracuse FnÍ\Tersity, rluring the spring 
term of 1877, by D.'. "riIJs De Ha
s, com- 
prises such topics as " Disco'Ter)
 and Set. 
Hement of the 
\tlal)tic Coast." " Lost Semi- 
CÏ\Tilization of the Mississippi Yalley," 
"Tumular 
Ionumcnts," "l\Iural 'Vol'ks," 
"Art-Remains in Stone," U Rock Sculpt- 
ure," U ...\rt - Remains in Pottery, also in 
Bone, Shell, and )Ieral," U Monumental and 
.Art Remains found in the L'Il,:e-Rep:ions," 
h Origin and .\.ntiquity of the )lound.Ðuild- 
ers," etc. 
A PREPAnATIO
 of tungstate of 
oda and 
starch has been highly recommended for 
rendering mu
ljn dresses uninftaæmable. 
At a recent trial of it in London, the dl-ess 
fortunately being placed on a dummy, the 
saturated fabric reaùily tool,: fire, blazed up, 
and was quickly consumed. 
THE Sanilm.y Rrrnrrl lament
 that they 
have no cremation.furnace in I
ondon, con- 
sidering it a bn>ach of hospitality that they 
cannot offer the facilities for fire-burial to 
their Indian guest
 who are so unfortunate 
as to die in England. 
A COURSE of If'ctures on the elementary 
principles of stoc1t-breeding was delivered 
during the spring by Prof. ,ri11iam H. 
Brewer, at the Scientific School of Yale 
College, which it is to be hoped will be- 
fore long appear in book-form. The topics 
discussed in these lectures are: " Heredity," 
"Atavi
m," " Close-Breeding," U Cro
sing," 
"Rela.tiong of Animals to their 
l:rround- 
ings," "Val'iation," u Hc1ations between 
Heredity and Variation," "Breeding to 
roint
," "Limitations of Breeding to 


Points," "Prenatal Influences," "Relative 
Influence of Sire and Dam," " Crossing for 
Immediate SpeCial L
es," and" Profitable 
Adaptation of Breeds to Special Localitie8 
and Conùitions." 
DR. PHILIP P. CARPE
TEn, ùrother of the 
celebrat.ed physiologist, "ï11iam B. Carpen- 
ter, died in 
rontreal,. May 24th. lIe was 
born in Bristol, England, in 1819, was edu- 
cated at the University of Ediulmrgh, studied 
theolo
y first, and rreach('d awhile, and then 
gave himself up to natural history. He de- 
votcd himself to. the mollusca, and gave a 
magnificent collection of shells to the Brit- 
ish .Museum. In] S[)f) he came to this coun- 
try. and, selectin
 Montreal as his place of 
re::-õidence, went on with his I'cientitic work 
till the failure of an Engli:::h ùank swept 
away his property, and he then took to 
teaching and 8anitar
T reform. He gave a 
large eol1ection of shells to .:\IcGiH College, 
and was known as one of the best author- 
ities on the classification of II1011u8ca. IIe 
was a clever writer, a forciùle speaker, and 
a man of refined Chri
tian character. 
PROF. E. S. :MORSE, of Salem, sailed from 
San }"'rancisco, June l
t, for Japan, ,,,hither 
he goes on a scientific mission of his own. 
He will spend the summer months in pur- 
suing his favorite stuùies of natural history 
amid Japanese resources, and will devote es- 
pecial attention to the animals of the coast, 
dredging a good deal, and carrying on the 
investigation of the Brachiopoda, which has 
long ùeen his favorite line of inquiry. He 
will also make the trip subservicnt to gath- 
ering fresh materials for illustrating the 
"Second Book of Zoölogy," a text-book 
which he has beg-un to prep:Jre. Prof: 
:Morse will also, no doubt, gain much curi- 
ous and interesting infèlrmation to enrich 
the lectures which he will return in time to 
deliver before the lyceums next season: 
BnocA assigns to the terms an.tllropol- 
ofl.ll, ethnology, and ethnography, the follow- 
ing distinctive significations: anthropology 
is the general study of lUan or of the entire 
human species; ethnology is tJle stud)' of 
the natural divisions of this group, which 
are generally known as the races of man; 
ethnography is the artificial subdivision of 
races into peoples. 
TWENTY years ago, according to Dr. 8ie- 
mens, it required oyer fivc tons of coal to 
make a ton of iron rails. Now, a ton of 
steel rails may he produced hom the ùre 
with half that quantity of coal. 
THE Plwrmacist quotes the statement 
fl'om a forei
n journal that chemica]]y pure 
glycerine, when taken in large quantities, 
C'xerts a poisonous effect on the system, 
comparable, within certain Jimits, to that 
produced by alcohoL 
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TIlE CLI
I.o\_TIO INFLUEXCE OF VEGETA.TIO
.-A 
PLE...\.. FOR OUR FORESTS. 


By F. L. OSWALD, :M. D. 


" A S a fell o,v-Unit arian, I feel sorry for tIle Turks," Dr. Schlie- 
. mann "Tites fron1 Salonica, "but, as a respecter of God's 
.physical laws, I must o,vn that they deserve their fate. 1\len ,vho 
for t"Tenty generations have proved themselves tree-destroyers on 
principle, have no right to complain if the ".odd rises against them." 
It ,voula be 'well for the world if for the last twenty generations 
the Turks haa been the only" tree-destroyers on principle." Since 
the ad vent of the Christian religion, the physical history of our planet 
records the steatly growth of a desert, which made its first appear- 
ance on the dry taùle-land of Southern Syria, and gradually spreading 
eastward do,vn the Euphrates to,vard Afghanistan, and westward 
along both shores of the 
lediterranean, now extends from Eastern 
Persia to the western extremity of Portugal, and sends its harbingers 
into Southern 
'rance and the southeastern provinces of European 
11ussia. Like a virulent cancer, the azoic sand-drifts of tbe 1\J oab 
Desert hasc eaten their 'way into Southern Europe and Northern 
Africa, and dried up the life-springs' of districts which beyond all dis- 
pute were once the garden-regions of this earth. 
Prince de Ligne, countryman and contemporary of l\Iaria Theresa, 
wrote an essay" On the Location of the Earthly Paradise," and, after 
sOlne reflections on the hygienic influence of different climates, calls 
attention to the fact that " p
radise-traditions, in locating the garden 
of Eden, differ only in regard to Iongitudf', but not to latitude. The 
latitude keeps always near the snow-houndary, a line just south of tIle 
regions where snow lnay fall, but ,vill not stay on the grounò. It 
passes through Thibet, Cashmere, Northern Persia, and Asia 
Iinor, 
VOL. XI.-23 
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and reaches the nleridian of Europe near the centre of the 
Iediter- 
ranean." The nations that" celeLrated life as a fe
tival " bave lived 
along t
lÍ
 line, and ,,-e lllay doubt if in the 1110st favored regions of 
the New 'V orlJ human industrv , with all the aids of lnodern science 

 , 
will ever reunite the opportunities of happiness which Nature once 
lavished on lands that now entail only n1Ïsery on their cultivators. 
.A,ll oyer Spain and Portugal, Southern Italy, Greece, Turkey, Asia 

Iinor, Persia, alld \Vestern Afghanistan, and throughout Northern 
Africa, from 
Iorocco to the valley of the :Kile, tl)e aridity of tl)e soil 
makes the struggle for existence f;0 hard tbat to the vast lllajority of 
the inhabitants life frolH a blessing bas been conyerted into a curse. 
Southern Spain, froln GiLraltar to the head-"raters of the Tagus, 
nlaintains now only about one-tenth of its former population, Greece 
about one-twentieth. ,As late as Ä. D. 670, a good while after the rise 
of the 
Iohammedan po'wer, t]w conntry no,v known aE Tripoli, and 
distinct from the Sahara only through the elevation of its n10untains, 
'was the seat of eighty-five Christian bishops, and had a population of 
6,000,000, of which lllnnber three-quarters of one per cent. are now left! 
The climate w.hich, according to authentic description, must once 
have resembled that of our Southern AJleghanics, is now. so nearly in- 
tolerable tbat evcn the i
lhlUllanity of an African despot forbears to 
exact open-air labor from 9 A. ::\f. to 5 P. l\f. Ste:unboats that pass near 
the TripoJitan coast in summer, on their .way ii'om Genoa to Cairo, 
have to keep up a continual sho,,
er of artificial rain to saye their 
deck-hands from being overcome Ly the furnace-air that breathes from 
t.he barren hills of the opposite coast. The rivers of some of these 
countries have shrunk to the size of their forn1cr tributaries, and fronl 
Gibraltar to S3.nlarcand the annual rainfall has decreased till failure 
of crops has become a chronic complaint. 
.A.nd all this chanO'e is due to the in:::ane dcstruction of forest
. 
c 
The great Caucasian sylvania that once adorned the birth-land of the 
white race froln the 'Vestern Pyrenees to the foot-biJ1s of the IIillla- 
layas has di!'appeared; of the forest-area of Italy and Spain, in the 
days of the elaer Pliny, about two acres in a hunch-cd are left; in 
Greece, hardly one. But ('yen the nakedness of the most sterile tracts 
of Southern Europe is execeded by the utter desolation bf the Otto- 
man provinces. If there .was not evic1en{'c that a great part of the 
ruin haa been accomplished ùefore the fall of the Byzantine Enlpire, 
the Turks ,vould really seenl to 11a ve heen "tree-destroyers on princi- 
ple." In tIle recesses of the Taurus range and the inaccessible heights 
of tllOsO 


H. . . . mountains that distill 
Indus and Oxus from their icy caves "- 
a few remnants of wood hflY
 
nryived the general devastation, but 
throuo-hout the lowlands fron1 llokhara to the Golden IIorn , not a 

 , 
stick or bush c
n grow up bcfore the .wooù-fan1Ìne of the wretC'lwd 
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population lays violent hands upon it. III K ort hern ..Afric
, Dalnlatia, 
and the larger islanùs of the Grecian Archipelago, the same evil Las 
made terrible advances. The l\Icditerranean Sea, once a forest-lake 
of paradise, is no,v a dead sea, surrouuùeJ by' dusty and burning 
coasts, often for hundreds of nIilcs without a ve
tige of organic life. 
The present appearance of the Troad, the neighborhood of Lake 
Tiberias, the valley. of the Euphrates, and other districts that were 
once teeuling ,vitll population, can actually make us doubt if there 
e,"er was such a thing as an original desert. On the plateau of Sidi- 
Belbez, in the very ccntre of the Sahara, Champollion traced the 
course of former rivers and creeks hy the depressions in the soil 'and 
the shape of the smooth-washed pebbles. lIe alßo found tree-stulllPS, 
now ahllost petrified, and covered by a six-foot stratuill of burning saud. 
"..And so the astounding truth dawns upon us," he says, "that this 
desert may OI1('e have been a region of groves and fountains, and tlle 
abode of happy millions. Is there any crilne against Nature which 
draws down a 1110re terrible curse than that .of stripping our )Iother 
Earth of her sylvan covering? The Land of '/nan has produced this 
desert, and I yerily believe every other desert on the surface of this 
earth. Earth was Eden once, and our mi",ery is the pnnislHl1cnt of 
our sins against the world of plants. J7w burning Sltn of the dese1
t is 
the angel with the flaming su'oJ"d 'Who stands between us and paradise." 
That the inhabitants of tllPse artificial deserts Ila,Te failed to reC- 
ognize the cause of their mi
ery iInplies a degree of infatuation and 
mental blindness which may appeal' even nlore incredible to future 
generations than the thousand years' belief in ".itcbcraft and the pa- 
tient submission of 80,000,000 able-bodied men to a juggler-guild of 
priests. Even frogs and fishes become uneasy if the plug-ll01e of their 
t.ank it-; opened ana their 1ife-elenlent begins to ebb a,vay 
 and it 
should he supposed that, without any scientific aids to reflection, the 
sheer instinct of self-preservation could hayc suO'O'ested the sil1l 1 Jle 
O
 
remedy before the evil attaincd it
 present proportions. 
But this blindne
s of the Latin races and the devotees of Islan1 if 
, 
not justified, i:o; at le
st T,art]yexplained by the fatali
nl of their reli- 
gion. Their belief in supernatural ag(\uci('s, and a nleclJle
onle rroyi- 
dence that ruled the world in spite of man, natnrally produced indif- 
ference to all physic11 sciences ,vllateyer. The three Sen1itic reliO'ions 
have done nlore to divorce man fron1 Nature than 311 his inùorn 
.i('es 
and the " necess
ry decay of civilized races" that is so often preferred 
as an explanation. ". Though our lllortal eyes h:1ye failed to penetrate 
the depths of hea,'en," f'ays Erasmus, " "Te have succeeded in losing 
sight of onr own earth." If this earth "'"as a yale of tears, and heaven 
our proper hOlne, all attention to eartlily aflhir
 seemed so much lost 
tilHe, and in the 80111s of m(\u who "'t")r;
 taught to con
ic1er tlwir nat- 
ural fl.elings as antagoni
tic to the will of God the warning voice of 
instinct ,\'"as. raised ill vain. 
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Iuch more unaccountaùle seelns our own indifference to the diEap- 
pearance of OUI" forests, since our science has de,monstrated to the sat- 
isfactioI
 of all ratiollal anti semi-rational beings-including SCDle very 
conser\-ative rulers of 'Yestern Europe-that an aninlal flayed, or a 
tree stripped of its bark, does 110t perish l110re surely than a land de- 
J)rived of its trees. 
The Dukp of BurgundY'R rule, "One-third to the Inlnter, two- 
thirds to the husbandluan," expresses about the IlIOSt desirable pro- 
portion of woodlands and cultivated fields. In a country ble8seò with 
such a plethora of woods as the L nitrd Stat es between the Atlantic 
and the valley of the )Iississippi could Loast of less than a hundred 
years ago, the work of " clearing " could thert'Íore be lmrsued within 
very liberal limits, not only without injury, but with }10sitive ùenefit to 
the climate, inasnluch as it would counteract excess of nloi
tlue and nli- 
asmatic tendencies. But ill some of our SoutI1Cl"n and Central States this 
limit has already been passed. The States of Ohio and Indiana, and the 
southern parts of I
entucky and l\lichigan, so recently a }Jart of the 
great East-,American forest, haye even no.w a greater pel"celltage of t1'ce- 
less area than .Austria and the K orth-Gernlan J1:n}l)ire, that have been 
settled and cultivated for upward of a thousand years. The nortl}ern 
borders of Ohio are kept 
omparatively fertile by the neigllborhood of 
the great lakes, but the central regions, and 
any of the river-coulltÏes, 
hegin to suffer from drougl1t, and see their springs fail in every :sum- 
mer. The" Dlue-Grass" region of I
entucliY, once the pride of the 
'Vest, has no\v districts of such a. barren and arid nature tllat their 
stock-farmers are movÌIlg to,vard the CunlÙerlal}d l\Iountains, ùecause 
the creeks and old sprillgs dried up, and their ,yells becalLc too lo,v 
to furiiish 'water for their cattle. 
'Yherever tohacco and cotton are cultivated, tlw "york of ruin ]13S 
made rapid advances, and in a11 tIle soutl1eas1 ern counties of'Tirginia 
alld North Caro1ina, and thronghout )Ii
sissippi, Alaù
uua, Georgia, 
and South Carolina, the traveler may ride' for bours witljout seeing 
more than four or five trees in a gronp; (lroughts are ùeconling more 
and more frequent, and the locust, that ominous pioneer of the desert, 
has 11lalle its appearance. 
The climatic influence of arhoreaI vcgetation mnst be more gener- 
any nnderstooc1, l)efore such legislative nlea
ures as the importance of 
the Fiuhject demands, can be hope.1 for. III the econonlY of Nature 
fore
ts perfonn innum(ìrable functionR i\"1}ich ]10 artificial contrivance 
c
n inlitate, and of ,yhich the follo.wing are only the most important: 
W ooa
, in the first I,lace, are t1)e 'water-reservoirs of Nature, and 
hold in the network of tl)eir root
 anò tl11'ir moss-carpet the 1110isture 
which is intended to supply onr water-courses in the season of mid- 
summer heat. One acre of full-grown beee11-trees absorbs and dis
 
penses as Jnuch hnmidit Y' as twenty acres of grape-vines and tobacco, 
and more than two hundred acres of cereals. 
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Forests produce rain. Under the influence of vertical Run-rays trees 
exhale the aqueous vapors which their }"aycs haye a1sor1et1 from the 
atillosphere, and in contact with the night-ail" or any stray current of 
lower tCll1peratul'e, thcse vapors di
charge rain-showers even in Inid- 
Sl1BlnlCr, and at a great distance from the sea. 
By moistening the air w"oodlands also 11loderate the extremes of 
he.tt and cold. It i8 seen on the sea-shore how lelleficent1y IHunidity 
operates in allaying the severity of'winter, and "in SUIDlner the cyap- 
oration of dew and rain gives us cool breezes when they are nlost 
needed. J
y the extirpation of forests the climate of the entire 01'bis 
ROJì
anus has been changed from the summer temperature of "..,. est 
VirO'inia to the furnace-heat of New l\lexico and Arizona. 
ð 
Besides this, the forest by shade in SUI11mer and fuel in winter 
protects us directly against the vicissitudes of tem})erature, and at the 
foot of high mountains interposes a 111echanical barrier betwe
n the 
valleys anù aval3nches in the north, and floods in the south. Tbe 
,vater-torrents, which not only flood and damage the lowlands, but 
carry their fertile soil :nvay, are imbibed or detained by extensive 
forests. J os(}ph II. of Austria ,vas right to attach he.avy penalties 
to the destruction of the" Brrnnwälder," the ,,
oods 011 the Alpine 
Elopes, that protect the valleys fronl avalanches, and to propose that 
in ,vars, even à l'oufrance, the trees of a country should be spared by 
international agreenlent. 
Our wooùs are also the h0l11e and shelter of hose best friends of 
man, the insectivorous birds.. .A. country destitute of trees is avoided 
by bird8, and left to the ravages of locusts and other insects, which, 
as .we saw on our own continent, always attack the barren aud naked 
districts. Our locust-swarms de\
astatec1 the " Great 'Yest," i. e., the 
treeless expanse between the JUississippi and the Rocky l\Iountains, 
but spared the ,voodlands of the .A.lleghanies and the tiulber-regions 
of the Pacific slope. 
The exhiLlrating influence of a woodland excursion is not alto- 
gether due to scenic effects and inl:lO'inatiol1. Forests exhale OXVO'C)) , 
ð Jð 
the life-air of fl
unes and animal lungs, and absorb or neutralize a 
v.triety of noxious gases. Scirrhous affections of the skin and othcr 
diseases disappear under tIle disinfecting influence of forest-air. Dr. 
Brehlu observes that ophthalmia and le]1rosy, which have beconle 
hereditary disea
es, not only in the valley of the Nile, hut :1lso on the 
table.lands of Barca ana Tripoli, are utterly unknown in the ,vell-tin1- 
bored valley of ..Abyssinia, though the Abyssinians liye more tlutn a 
hunared geographicallniles nearer to the eqnator than their nfRicted 
neigh bors. 
The traditions of the "ùlesscd islands of the 'Vest" the" Garden 
, 
of the IIesperides," prohably rpferred to :\I:1deira and the Cape-'T erde 
r\.rchipelago, which, according to De Gama's de
cription, must have 
come nearer to our idea of terrestrial paradise than any other region 
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of this earth. " The ills thnt flesh here is heir to," he says, "are only 
three: ,,'ounds, the effects of poison, and decrepitude-the latter 
rarely 1l1akes its appearance before the conlpletioll of the ninetieth 
year." Since the Portuguese }lave felled their gloriou
 forests for the 
f'ake of JnadLira (building-material), these i
lanòs have becollle hot- 
l)eds of disease. 
The valley of the Guadalquivir, a
 late ::u
 a century before the ùis- 
covery of ....L\..ulerica, supported a population of 7,000,000 of probably 
the healthiest and happiest men of Southern Europe. Since the live- 
oak and chestnut gro\Tes of the surrounding heigllts l1ave disappeared 
this population has 
lJrullk to a Inillion and a quarter of sickly wretclles, 
\vho depend for their sustenance on the scant produce of sandy barrens 
that hecollle sandier and drier frolH year to year. 
It \vould be exaggeration to say that the barrenness of a treeless 
C8untry is an evil \vithout renledy. X ature is always ready to assist 
in any work of regeneration, and there is no desert so void and l1akl'd 
that it lnight not Le reclailned in the course of half a century. The 
I{hédive of Egypt has wrested land from the f'3nd-wastes as the 1101- 
lanc1ers \\
in it from the sea, aud by a chcaper process than the build- 
ing of extensive dikes. By planting date-palms and olive-treps, Egypt 
has added many hundred 8qllare miles to her arable surface, and, as 
Eaker-Pasha assures us, her annual rainfall has almost doublcd. 
Between I
arnak and Soodan the rain-gauge slJoWS no\\r a yearlyaver- 
age of sixteen inches, where nine inchcs was the lllaxinlunl before 
1820. 
\nc1 not only the limits öf the
e tree-plantations, but al
o 
the adjoining districts, ]utye been benefited; on the table-land of 
'Vady-HaIfa the present temperature is not nearly as oppressive as it 
\VnR ,,'ithin the menlory of men now living, and currant-bushps and 
'wild-mulherries haye sprung up \"here they ne'
er gre\v before. In 
France, too, the Government has rC'clainlec1 thc Landes, a sandy steppe 
on the 80utlnvestern coast, hy planting \villo\vs and bay-trees; ana 
even Algeria haR been improveù by thc persistent tree-culture of tlle 
French colonists. 
Bnt how slo,v and lalJorions is tllis work of re
toration, rind how' 
ea
ily n1ight w'e forcstal1 its necf:'s
ity if,vc ,,"oulù begin iJ? tinlc! A 
legislatiye act to protect the ,,"oods of all the upper riùges in biIl- 
countries, nnd of a ccrtain }ìercentage of acre
, say fifteen in a 1111n- 
(Ired, iÎl t he plain
, would be an effectual guarantee again
t evils wlJich 
otherwise will assuredly oycrtake us, and f'peeclier than Europe, on 
account of the conlpact shape of our continent, that deprives us of the 
nd,'antag-es of a mnrine climate. 
Let us rememher that the aphorism of the greatest phy
ician of 
modern tiInes applips to other organisms n
 well nç; to the human ho(1y. 
" Timely preycntion," said Dr. l"{adcliffe, " not only saves us from dis- 
caseç:, Ll1t from those greater eyils-tlle 1
eJ1wdics." 
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Ill. ' 


I N preceding nrticles/ the p
ychological bearings of Education 
"were entered upon; and t".o out of the three primary functions 
of the intellect were considered. There n
nlailled the power named- 
SUIILARITY OR ÀGREE
E
T.-It is neither an inavt nor a strained 
comparison to call this power the law of gravitation of the intellectual 
\vorld. As regards education, it has an Ï1nportanre coequal "with the 
plastic force that is expressed by retentiveness or memory. The 
nlethods to be pursued in attaining the commanding heights of gen- 
eral knowledge are framed by the circumstances attending the detec- 
tion of like in th
 nlidst of unlike. 
""'ith all the variety that there is in the "world of our experience, 
a variety appealing to our consciousness of difference, there is also 
great repetition, sameness, or unity. There are many shades of color, 
as distinguishell by the discrilninativc sensiLilit y of the eye; yet the 
same shadè often recurs. There are many varieties of fOrIn-the 
round, the square, the spiral, etc.-and we discriminate thenl when 
they are contrastet1; wIlile the 8ame fornl starts up again and again. 
At first sight, this would appear to nlean notl1Ïng at all; the great 
matter would appear to be to ayoiL1 confounding differences-Llue 
\vith violet, a circle with an oval; when blue recur
, we sinlply treat 
it as w"e did at first. 
The remark is too hasty, anù overlool
 a vital consideration. 
""That raises the principle of similarity to its conlmancling heigl1t is 
the accompanilllf'nt of diversity. The round fOrIn first discerneù in 
a ring or halfpenny recurs in the full nloon, where the adjuncts are 
totally different and Heed to be felt as different. In spito of t hef:(J ai
- 
turbing accompaniments, it i
 important to feel the 
green1ent on the 
single circumstance called the round form. 
""Then an impression malle in one situation is repeated in an al- 
tered situation, the ne,v experience relnjnds U
 of the 0111, notwitll- 

tandiug the diversity; this reminder may be described fiS a new kind 
of shock, or awakened consciousn('
s, ('aIled the sllock or fla
h of iJen- 
tity in the nlÍdst of difference. Â piece of coál and a piece of wood 
differ, flIH1 fire at first looked npon as differing, Put into tl1c fire, 
they both blnze up, gi,.e heat, and are consumed: bere is a sho('k of 
agreen1ent which beconles an abiding ilnpression in connection with 
1 See POPULAR SCH:XCE MOXTIlI.Y for February and )larch, 1877. 
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these two things. Of such shocks is made up one-half of wllat we 
term knowledge. 
'Vhell
ver there is a difference it should be felt by us; and so 
where\Ter there is an agreenlel)t it should be felt. To oyerlook either 
the one or the other is ::;tupidity of nlind. Our education marches in 
both lines; and, in so far as ,ve are helped by the schoolmaster, 'we 
should ùe helped in both. TIle artifices that pronlote discrimination, 
and the influences that thwart it, lW.ve been already considered; and 
many of tl)e observations apply also to agreement. In the identify" 
ing of like in the midst of unlike, there are cases that are ea.sy; and 
there are cases that the unassisted n1Ìud fails to perceive. 
1. "T e must repeat,. with reference to the delicate perception of 
Agreements, the antithesis of the intellectual and the emotional out- 
goings. It is in the stillness of tl)e emotions that the higher intel- 
lectual exercises are possible. This circumstance should operate as a 
,yarning against the too frequent recourse to pains and })enalti('s, as 
well as against l)]easuraLle and other excitement. But a nlore spe- 
cific application remains. 
'Ve may at once face the problem of general know ledge. The 
most troublesome half of the education of the intellect is tlJC getting 
possession of genera1ities. A general fact, notion, or truth, is a fact 
recurring under various circumstances or accompaniments: "heat" 
is the nanle for such a generality; there are nlany individual facts 
greatly differing among themselves, but all agreeing in the impression 
called heat-the snn, a fire, a lamp; a living animal. The intel1ect 
dIscerns, or is struck witI), the agre
ment, notwithstanding the differ- 
ences; and in this discernment arrives at a general idea. 
N ow the grand stumbling-block in the way of the gen
ralizing 
impetus is the })l'esence of the individual difft-l'ences. .These may 
be snlall and insignificant; in comparing fires with one another, the 
agreement is striking, while the differences between one fire and an- 
otber, in size, or intensity, or fuel, do not divert the attention from 
their agreem('nt. But the discerning of sameness in t})e sun's ray 
and in a fermenting dung-henp is thwarted by the f'xtraordinary 
disparity; and this conflict hetween the sameness and the differ- 
ence operates widely and retards the t1iscovery of the most important 
truths. 
2. The device of jU'J'taposition applies to the expounding of 
agreement, no less than of difference. -We can .arrange the several 
agreeing facts in such a way that the agreement is more easily seen. 
The effect is gained partly hy closeness, as in the case of differences, 
and partly by a symmetrical contact, a
 ,,
hen ,ve compare the t,vo 
hands by placing them finger to finger, and thunl b to thumL. Such 
symmetrical comparisons bring to view', in the Farne act, agreement 
and difference. The metJ)od reaches far and 'wide, and is one of the 
most po,verful artificial aias to tLo ilnpartillg knowledge. 
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3. The clnnulation of the instances is essential to the d ri ving home 
of a generality. .L\ continuous, undistracted iteration of the point of 
agreement is the only way to produce au adequate impression oì a 
great general iJea. I cannot now consider the various obstacles en- 
countered in this attempt, nor explain ho\V seldolll it can be adhered 
to in the highest exanlples. It mu
t sutnce to remark that the inter- 
est special to the individual examples is perpetually carrying oft' tile 
attention; and pupil and master are both liaLle to he turned asiùe Ly 
the seduction. 
There is another aspect of the power of silnilarity, under which it 
is a valuahle aid to memory or retention. 'Yhen we have to learn 
an exercise absolutely new, we I1lust ingrain every step by the plastic 
adhesiveness of the ùrain, and lllust give time and opportunity for the 
adhesive, links to be Inatured. But when ,ve come to an exercise con- 
taining parts already acquired by the plastic operation, "Te are savell 
the labor of foro-in er fresh links as reo-ards tLe
e , and ueed onl y to 
00;::' 
l11aster what is new to us. "....hen we have kno\vn all about one plant, 
we can easily learn the other plants of the sanle species or genus; "Te 
need only to master the points of variety. 
The bearing of this circumstance on nlental grow"th lnust be ap- 
parent at once. After a certain nUlnber of acquirements in the various 
regions of studY-Dlannal art, language, visible pictures-nothing that 
occurs is absolutely new; the anlount of novel 111atter is continually 
decreasing as our knowledge increases. Our at1hes!ve faculty is not 
improving as we grow in years; very mnch the contrary: but onr 
facility in taking in n0\V knowledge inlproves steadily; the fact being- 
that the knowledge is so little new that the forging of fre
h adhesions 
is reduced to a very limited conI pass. The most original air of Dlusie 
that the most original genius could compose ,vould he very soon 
learned by an instructed nlusician. 
In the practice of the schoolnlaster's art, this great fact will be 
perpetually nlanifesting itself. TIle operation can be alch'd and 
guided in those cases where the agreement really existing is not felt. 
It is one of the teaching arts to make the ])upils see the old in the 
new, as far as the agreement reaches; and to pose them upon this 
very circumstance. The obstacles are the very s:llne as already de- 
scribed, al1l1 the Ineans of overconling them the 8an1('. Ort1erly juxta- 
position is requsite for matters of complexity; and "
e nlay have also 
to counterwork the attractions of individuality. 
CO
STRUCTIVEXEs's.-ln many parts of our education, the f'tress lies 
not in simple memory, or the tenacious holding of what has been pre- 
sented to the 1l1ind, but in making us perfonn some ne,v operation, 
something that we w"ere previously unable to do. Such are the first 
stages of our instruction in S I )cakinO' in writinO' and l .n all th e nle- 
'--' -
,
, <- 
chanical or Dlanual arts. So also in the higher intellectual processes, 
as in the illlagining of what 'we have not seen. I do not go so far as 



394 THE POPULÁJR SCIE.J.VCE JfO.i.VTHLY. 


to include invention or discovery; the culture of tlle creative faculty 
is not cotnpriscd in the present discus
ion. 
The psychology of construetivcuess is renlarkably simple. There 
are certain prÍ1nary conditions that run through all the cases; and it 
i
 by paying ùue respect to these conditions that we can, as teachers, 
render every }Jossible assistance to the struggling pupil8. 
1. The constructive })rOCe8S supposes sornetlting to construct fro'Jì
 j 
SOI11e pow.ers already posse
sed tlUtt can be exer('i:.:ed, dircct<.'d, and 
combined, in a ne,v nlanner. 'Ve Inust walk Lefore beginning to 
dance; we HUlst articulate simple sounds Lefore we can articulate 
"TonIs; we Blust ùraw straigllt strokes and })ot-11001..s Lefor
 .we can 
form letters; we III lIst cOIlcei\"c trees aud 
hrubs, flowers and gra
sy 
plots, before we can conceiyc a garden. 
The practical inference i
 no less obvious and irresistible; it is 
oue that cover::; the ,,
hole field of ednca tion, and could neyej, be (>}1- 
tirely neglected, although it lIas certainly never been fully carrie(l 
out. Before entering on a new cxercisc, "
e mu
t fhst be led np to it 
by Inastering the pre1iminary or preparatory exercises. TCHcllcrs arc 
conlpelled by tbeir failures to attend to this fact in tlJe more palpahle 
exercises, as speaking and writing. They lo
e sight of it, whl'n the 
succession of stages is too subtile for their apprehension, as in the un- 
derstanùing of scientific doctrines. 

. In aiming at a ne,v construction, 'U.'e 'J/111St cleatly conceive uliat 
ris ai}ned at j "'C 111USt have the means of judging whethe}' or not our 
tentatives are successful. The child in ,vritillg has the copy-lines 
l)efore it; the ll1an in the tanks sees the fngleman, or hears the ap- 
In'oving or disapproving yoice of the driB-sergeant. 'Yh('re we have 
a vcry distinct and intelligible model 1efore u
, we are in 3.. fair way 
to succeed; in proportion as the ideal.is clin1 and "
aYering, '\
e St3g- 
gel' anù n1Ïscarry. 'Yhen we depend npon a teacher's expressed ap- 
})1'o,'al of onr effort, it behooves hÏ1n to be ycry cOll
istent, as ,vell as 
very sound, in his judgment; should he he one thing to-day, and 
another thing to-1110I'1'OW., "Te are unhinged and undone. 
It is a defect pertaining to alllllodels that they contain individual 
peculiarities n1Ïxed up with the l(leal int(.ntiou. 'Ve ('arry :nvay with 
ns from every instructor tOHc11es of nlaIUlerism, alld t1le woi'st of it is 
that SOllIe learners catch nothing hut t110 nHlnneri
nl; tl)is l)eing gen- 
erally easier to fall into than the ess
ntial nlCl'its of the tea{'hing. 
I'rhere iR no rem
dy here except the comparison of several good 1l10tl- 
els; as the sllip-captain carries with }1Ínl a nunl bel' of chrollollleters. 
In following an unapproachable original, as in learning to write 
from copperplate lines, we need a S('C011<1 judgnle11t to inform us 
,,
hether our deviations are serious and fundalllental, or are yenial and 
nnayoidalJ]c. The good tact of onr instructor is }jerf' pnt to the test; 
h
 nU1Y make our path like the shining 1ight that shinetll more and 
Jnore, or he I11ay leave us in hopeless perplexity. To point ont to ns 
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where, how, and \vhy, we are wrong, is th
 teacher's nlost indispen- 
saùle function. 
3. The only mode of arriving at a ne\v con'3tructive conlùination is 
to try and tj'y again. The will initiates some nlovelllcnts; these are 
found not to answer, anù are snppre
sed; others are tried, and so on, 
until the requisite cOlnbillation lias been stru{'k out. The way to ne\v 
pow'ers is by trial aria error. ....\'ccording as the first and second con- 
ditions abo,.e given are realized, the unsuccessful trials are fewer. If 
,ve have been wellietl up to the cOlnhination required, and if ,,'e have 
hefore us a very clear idea of w hat is to be done, ,ve do not need 
Illany tentatives; the prolllpt suppression of the wrong movements 
ultinlately hUHls us in the right. 
The mastering of a ne,v nlanual COlubination-as in writing, in 
learnino' to SWilll in the lllecllauical arts-is a very trying moment 
ð , 
to the llllluan powprs; success involves all those favoraùle circum- 
stances indicated in discussing the retentive or receptive faculty. 
Vio'or freshness freedolTI from distraction , no stroIH! or extraneous 

 , , 
 
enlotions, motives to succeed-are all most desirable in realizing a 
difficult conlbination. Fatigue, fear, flurry, or other ,vasting excite- 
ment, does away "\vith the chances of success. 
Very often we have to give up the attempt for a tÍIne; yet the 
ineffectual struo-o-Ies are not entirel y lost. 'Ye have at h.'ast learned 


 
to avoiù a certain numher of positions, and have narrowed the ronnel 
of tellt.ati,'cs fOI. the next occasion. If, after two or three repetitions, 
,,,,ith rest-intervals, the desireíl cOInhination does not emerge, it is 
a proof that some preparatory n10vement is ,vanting, and w'e shoul<1 
be made to retrace the approaches. Perhaps we may haye learned 
the prerequisite movements in a ,vay, hut not with sufficient firmness 
and certainty for securing their being performed in conlbination. 
.ALTERXATION AND RE:\IISSION OF 
\CTIVITy.-In the accu
tomecl 
routine of education, a nUluber of separate 
tl1dies and af'quirements 
are prosecuted together; so that, for each d:1Y, a ]H1Pil may have to 
eng:1g-e in as many as three, four, or more, different kinas of lesson
. 
The principles that guide the alternation and renlÍ
sion of our lllodes 
of exercise and application are apparently these: 
1. Sleep is the only entire and ahsolnte ce!':sation of the mental 
and boùily (
xpenditure; f1nd perfect or dreamless sl('(']) is t1)(' greatest 
ces
ation of all. "Thatever shorten
 the ùue allowance of sleep, renders 
it fitful aUll disturbed, or promotes dreaming, is so much furce ,,?asted. 
In the \vaking höurs, there lTIny be ce

ation fron1 a given eÀer- 
cise, with l1)ore or less of inaction oycr the "'hole system. Thp greatest 
f1iverfo\ioll of the "'o
'king forces i
 TIlade l> y onr meals. durin()' these 

 , 
 
the trains of tholl
ht are {'hanged
 ,,
hile the body is rested. 
no(lily or 11111scldar exercise, "'hen alternatetl "\\?ith sedentary men- 
tal labor, is really a motI(' of reInis
ion accompanied with an expendi- 
ture requisite to redress the balance of the physical functions. The 
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ùlood has unduly fo,,"ed to the brain; muscular exercise dr:n\
s it off. 
The oxidation of the tissues has been retarded'; mu
cular exercise i
 
the lfiost direct mode of increasing it. TIut dt!finite observation
 t{,3ch 
us that these two beneficial effects are arrested at tIle fatigue-point; 
so that the exercise at last contributes not to the refresbnlent, but to 
tbe further e"\:haustion of the s)"Rtem. 
2. TI)e real point before us is, 'Ybat do we gain by dropping one 
form of activity and takiug up another? This iuyolves a yariety 
of considerations. 
It is clear that the first exercise must not ]laye been pushed so far 
:lS to induce general exhaustion. The raw rccruit, at the end of 11Ï
 
Inorning driB, is not Íu a good state to iInprove his arit]lll1ctic in the 
military schoolroom. The 111usical training for the E:tage is at times 
so severe as to preclude every other study. The inlportance of a par- 
ticular training lnay Le such that ,YC desire for it the ,,-hole a ,-ailaùle 
J)lasticity of the system. 
It is only another form of exll:1ustiol1 wlH'n the currc'nts of tJle 
brain continue in their set channels and refu
e any pr()po
('c1 diversion. 
There are certain stages in every 1]("V and difficult s1udy, wherein 
it might be 'well to concentrate for a tin1e tlw high('
t energy of the 
day. Generally, it is at, the comn1enc('n1(
nt; but whatever be the 
point of special difficulty, there might Le a ren1ission of all otlJer 
serious or arduous studies, tin this is got over. Not that we need 
actua11y to lay asit1e eyerythiJJg eh;e; Lut there are, in mo:st studje
, 
many long tracts where 'we seem in point of form to be moving 0]1, 
Lut arc really repeating substantially the same familiar efforts. It 
woulù be a felicitous ideal 'adjustment, if the moments of strain in one 
of the parallcl courses ,vere to coincide ,'rith tlle moments of ease in 
tbe rest. 
IIardly any kind of study or exerci:.-:e is so complicated and many- 
sided a8 to press alike upon a11 tIle energies of the system; hence 
there is rin obvious })ropriety in making sud) variations as would 
Jeave unused as fe,y of our faculties as })ossiLle. This principle neces- 
sarily applies to every mental process-acquirement, production, and 
enjoyment. The working out of tlle prillciIJle supposcs tJl:1t ,,"e are 
not led away hy the mere semhlance of variety. 
Let us endeavor to assign the differences of subject 111:.1t afford 
relief by transition. 
There are n1any kinds of change that :1re m('rely nnother 113n1(' for 
Fimplc-rcnlission of the intellectual strain. 'YI]el) a Fev('re and diffi- 
cult exer::.'i
e is exchanged for an ea
y one, the ngreeal)]e effect is ane 
not to what \\Te engage in, hut to ,vl1:1t we are re1íeyccl from. For 
letting dO'YIì the strain of the faculties, it is son1etirn('s bC'tter to take 
up a light occnpation for :1 tin1e than to l>e totally idle. 
The exc}lange of Rtufly for sport ]Ias the twofold advantage of 
musénlar exercise find agreeable play. To pass fron1 anything that 
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is sÍ1nply laborious to the indulgence of a taste or liking, is the fruition 
of life. 'ro Clnerge fronl constraint to liberty, from tbe dark to the 
light, froIll IlloHotony to variety, fronl giving to receiving, is the ex- 
changing of pain for pleasure. This, which is the' substantial re,vard 
of labor, is also the conJ.ition of renovating the powers for further 
labor and endurance. 
To come cloRor to the difficulty in hand., The kina of change that 
may take place within the field of study itself, and that may operate 
both as a relief from strain and as the reclamation of waste ground, 
is best exemplified in such matters as these: In the act of learning 
generally there is a twofold attitude-observing whàt is to be done, 
and doing it. In verbal exercises, we first listen and then repeat; in 
handicraft, "Te look at the nlodel, and then reproduce it. N O\V, the 
proportioning of the two attitudes i
 a matter of econolnical adjust- 
Inent. If we are kept too long on the observing stretch, \ve lo
e the 
energy for acting; not to mention that lnorc has been given us than 
we are able to realize. On the other hand, "Te should oùserve long 
enough to be quite saturated with the impression; we should have 
enongh given us to be worthy of our reproducing energy. Anyone 
,vorking frorn a model at comnland learns the suitable proportion be- 
tween observing and doing. The li\'ing teacher may err on either 
side. lIe may giye too much at one dose; ,this is the comnlon error. 
lIe may also dole out insignificant ly t5mall l)ortions, ,vhich do not 
evoke the sense of power in the pnpils. 
\Vhen an arduous conlbination is once strul'k ont, the worst is oyer, 
hut the acquisition is not completed. There is the further stage of 
repetition and practice, to give facility, and inRure pernUtnence. This 
is comparatively easy. It is the occnpation of the solc1iC'r after his 
first year. There is a plastic proce::-s still going on, but it is not the 
same draft upon the förces as the original struggles. At this stage, 
other acquirements are possible, and should be made. N O'V, in tile 
course of training, it is a relief to P=lSS from tIle 'exerci
es t}wt are en- 
tirely ne,v and strange, to those that have been practised and need 
only to he continued and confirnled. 
Befor
 considering the alternations of departments of acquisition, 
we ma y aLl vert to the two different intellectual cnero-ies called re- 
o , 
spectivcly, l\[elllory and J ut1glnent. These are in every way distinct, 
anù in passing frolH the one to the other there is a real, and not 
merely an apparent, transition. l\Ienlory is nearly identical with tIle 
retentive, adhe
ive, or }Jlastic faculty, .which I haye asslnned to be 
perhaps the lnost ('ostly enlploymC'nt of the powers of the mind and 
brain. Judglnent, ag-ain, may he silnply an exercise of discrimination; 
it may al
o involve similarity and identification; it may further con- 
tain a coustructi ve operation. It is the aspect of our inteJlectual 
power that turns to account onr existing impressions, as contrast
d 
,vith the power that adds to our acculllulated stores. The most de- 
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lightfnl and fructifying of all the intellectual energies is the power of 
sinlilarity and agreeluent, by .which we rise fro111 the individual to the 
general, tra.ce 8ameness in diYer
ity, and master, in
tead of being mas- 
tered by, the nnlltiplicity of :x ature. 

Iuch more would be nece
:sary to exhaust the nature of the op- 
position between exercises of nlemory and exercises of judgment. 
Language and science approximately represent the contra5t, although 
language does not exclude judgl11ent, and science denUll1ds n1(,1110ry. 
Bnt, in the one region, mere adhesion is in the ascendant, and, in th
 
other, the detection of similarity in di 'gersity is the leading circunl- 
stance. There is thus a real transition, and change of strain, in pass- 
ing fron1 the one clas
 of studies to the other; the only qualifYing cir- 
CU[llstance is that ill early years, routine adhesion plays the greatest 
part-being, in fact, easier than tbe otber line of exertion, for rea
olls 
that can be divined. 
'Ve can now see what are the departments that constitute the most 
effective transitions or diversions, whereby relief 11lay be gained at one 
point, and acquirenlellt pu
hed at SOllie other. In the muscular ac- 
quil'en1ents, ".e haTe several distinct regions-the body generally, the 
band in particular, the voice (articulate), alld the voice (illusical). To 
pass froln one of these to the other is alnlo
t a total change. Then, 
as to tbe s
nsc engaged, we Inay alternate bet'Ye
n the eye and the 
ear, making another complete transition. Further, each of the 
enF;e- 
organs has distinguishaùle susceptiùilities, as color and fornl to the 
eye, articulation and music to the.ear. 
Another effective transition is from books or spoken teaching to 
concrete ohjects as f'et for.th in the science
 of observation and exper- 
inlent. The change is nearly the same as fronl an 3bst1'_act subject 
like 1nathf\matics to one of the concrete ::Ind experimcntal sciences, as 
botanv and chemi
trv. A still further change is from t.he ,vorld of 
w 
 
 
matter to the \\
orld of n1Ïnd, but this is liable to assume false and de- 
lusive appearances. 
It has been ,veIl r<:>nlarked that arithmetic is an effective transition 
from readino- and writinO'. The wholc strain and attitude of the mind 

 IJ 
ar(1 entirely different, when thc.pupil sets to perform 
1.llns aftcr a read- 
ing-les
on. The matJwmatical sciences are naturally dcenled the 
driest and hardest of occll}Jati0ns to the average nlind; yet there may 
be occupations such as to make then1 an acceptable diversion. I have 
kno"
n clcrgyn1en .whose relaxation froll1 clerical duty conE-isted in 
algebraical and geonlet ricaI prohlenls. 
The fine-art acquisitions introduce an agreeable yariety, partly 
by bringing distincth
e organs into play, and partly by evoking a 
pleasurable interest that enters Iitth', if a.t all, into other sttHlies. TIle 
more genial part of nloral trnining has a relationship to art. TIle 
severer exercises are a painful llece
::,ity, and not an agreeable transi- 
tion from anything. 
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The introduction of narrati\Ye
, stirring incidents, and topics of 
hunlan interest generally, is chiefly a I1lode of plea:,-urable recreation. 
If taken in any other view, it falls under SOUle of the leading stuc.1ie
, 
and engages the 111emory, the jlldgn1ellt, or the constrnctiye power, 
and Inust be estinuttetl accordingly. 
Bodih T trainillO", fine art (itself an aggregate of alternations), 
oj 0 
language, science, do not exhaust all the varieties of acq llirement, 
but they inc.licate the ehief departnlellts whose alternation giyes re- 
lief to the nlental strain, aud econon1Ïzes po"yer in the ,,-hole. Under 
these, as already hinted, thl're are varÏatiolls of attitude and exercise; 
from listening to repeating, from learning a rule, to the application 
of it in ne\v cases, fronl knowledge generallr to practice. 
The trnnsition fron1 one language to another, being a yariation in 
the nature of the iUlpressions, is a relief of an inferior kind, yet real. 
It is tile more so, if we are not engaged in vara11el exercises; learning 
f'trings of Latin "Tords in the lnorniug, and of Gcrnlan in the e, ening, 
c.loes not constitute any relief. 
From one science to another, the transition may he great, as al- 
ready shown, or it lllay l)e small. FrolH ùotany to zoülogy affòrds a 
tran
ition of n1atcrial, with silnilarity in forill. Pure ana nlixed 
nlathelnatics are the yery same thing. The change fron1 algebra to 
geonletry is but slightly refreshing; 1'ron1 geometry to trigol1on1etry, 
. and geometrical conic sections, is no relief to any Ü1CUlty. 
There arc minor incidents of relief and alternation that are not 
to be despise<.1. l
assing from one master to another (both being 

npposed <,on1petent) i
 a yery sensible and grateful change; e\pen 
the change of room, of seat, of po
tur.e, is an antidote again::;t weari- 
ne

, and helps us in luaking a fresh st[lrt. The jaded student relishes 
a. change of books e,-en in the same 8l1hject, the alteration frOll1 soli- 
tude to coulpany. 
Sonìe 8uhjects arC' in then1se!V('S so nlixecl that they would appear 
to contain the elenwnts of a sufficiently Y:lrions occupation of the 
n1Înd; such arc geography, history, and what is e[llled literature, 
.when stutlied both for expres
ion ana for suhject-nlntter. TJ.is vari- 
ety, ho\ye,yer, is not altogether a drsirablC' thing. The analytic 
ùranch of the science (þf education .would haY
 tü rcsohTe t ho
e aO";.,.re- 
gates into their constituent part:-:, ana consider not onl
r th{'ir rc

e<,- 
tive contributions to our n1cntal culture, but also the adYal
tages and 
dis:1tlyantag-es attendillO" the mixture. 

 
C'GLTCRE OF TIlE E'IOTIO:xs.-The laws attainable in the depart- 
nlents of eillotion and yolition an:
 the immediate prelude to n10ral 
edueation, in which all tllè highest diffi<,ulties culminate. There nre 
emotional allc1 yolitionnl force
 prior to any cultivation, and there are 
ne". forces that r.ri
e tlu"ough culti'Tation; yet from the yagueness 
attaching to the nlea
nrec1 intrn
ity of f('clings and emotions, it is not 
casy to yaluc tllC s(-parate results. 
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The general laws of re>tentiveness equally apply to emotional 
gro"
ths. There 1l1Ust be repetition and con.centration of nÜnd to 
bring a
out a lllental association of pleasure or of })aill .with any ob- 
ject. But there are peculiarities in the ca::,e such as to demand for it 
a supplementary treatment. Perhaps the best way of bringing out 
the }.JOints is to indicate the Dlodes or species of growths, coming 
under eIllotion and volition, that most obtrude themselves upon the 
notice of the educationist. 
I. 'Ye may quote first the associations of pleasure and pain with 
the various things that have been present to us, during our experiences 
of delight and suffering. It is ,veIl known that we contraçt pleasur- 
able regards to,vard things originally indifferent that have been often 
present to us in happy nloments. Local associations are among the 
most familiar exaulples; if our life is joyous, ,ve go on increasing our 
attachments to our !)Crnlanent borne. and neighborhood; we are 
severely tried WJle>U ,ve have to Inigrate; and one of our holiday de- 
lights is to revbit the scenes. of forn1er pleasures. A second class of 
acquired feelings includes the associations ,,
ith such objects as have 
been the in
trnnl(:llts of our avocations, tastes, and pursuit
. The fur- 
nishings of our honle, our tools, ,veapons, curiosities, co]]ections, ùool{s, 
pictures-all contract a glo,v of associi:1ted feeling, tl1at 11e]1)s to pal- 
liate the dullness of life. The essence of affèetion, as distinguished 
from cUlotion, is understood to be thp confirming and strengthening 
of some prÌInary oùject of our regard
. As our knowledge extends, 
we contract nUllll'rons associations with things purely ideal, as ,,-ith 
historic places, persons, and incidents. I need only allude to the large 
fielù of ceremonies, rites, and .formalitieg, ,vhich are cherished as en- 
larging the surface of emotional gro.wths. The fine-art problem of 
aistingni
hing between original and derived effects consists in more 
precisely estimating tllese acquired pleasures. 
The educationist could not but cast a longing eye over tbe wide 
region l1Cre opened up, as a grand opportunity for his art. It is the 
realm of yague possibiJity, peculiarly suited to sanguine estimates. An 
education in happiness }Jure and simple>, by "Ten-placed joyous asso- 
ciation
, ig a dazzlin
 prospect. One of Sydney S)nit}J's pithy sayings 
,va
, " If you nlake children b:Jppy" now., you nlake th('n1 lu1'I)PY twenty 
years hence, hy the Illemory of it." ThiS! referred, )10 doubt, to tllC 
home-lifc. It n1ay, ]low.ever, he carried out al!o'o iu the school-]ife; 
aud enthu
i:1snl has gone the length of supposing that t11e school may 
be so wf'lI con
t ituÍ(>(] as to effhcc the stanl}J of au unhappy htnue. 
The growth of such happy as:-:ociations is not the work of days; it 
demand
 y
'al"
. I have ende3xo)"ed to set forth the ps)"cholof!Y of the 
case (" The Emotions and the'Vill," third edition, p. 89), and do Dot 
here repeat the principles and conditions that s('cn1 to b(' involved. 
But the thread of the present exposition ,,"oul<1 be snapped, if I were 
not to ask attention to the difference in the rate of gro,vth when the 
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feelings are painful; the progress here is not so tedious nor so lia l)le 
to thwarting and interruption. 
'Vith understood exceptions, pleasure is related physically with 
vitality, health, vigor, harmonious aùju
tlnent of all the parts of the 
system; it Heeds sufficiency of nutrinlent or support, excitenH:nt .with- 
in due limit.;:, the absence of everything that could mar or irritate any 
organ. Pain comes .of the deficiency in any of these conditions, and 
is therefore as easy to bring about and maintain as the other is diffi- 
cult. To evoke an echo or recollection of pleasure, is to secure, or at 
least to simulate, the copiousness, the due adjust.ment and harmony 
of the powers. Thi
 may be easy enough ,vhen such is the actual state 
at 'the ti.me, but that is no test. "
hat ,ve need is to ind uce a pleasur- 
able tone, ,vhen the actuality is no more than indiftcl'ent or neutral, 
and even, in the midst of actual pain, to restore pleasure by force of 
mental adhesiveness. A gro,vth of this description is, on a p1
io'J'i 
grounds, not likely to be very soon reached. 
On the other hand, pain is easy in the actual, and easy in the ideal. 
It is easy to burn one's fingers, and easy to as
ociate pain with a flame, 
a cinder, a .hot iron. Going as spectators to visit a fine mansion, we 
feel in some degree elated by the associations of enjoyment; but ,ve 
are apt to be in a still greater degree depressed by entering the 
abodes of wTetchedness, or visiting the gloonlY chambers of a prison. 
II. The facility of painful growths is not fully comprehended, un- 
til we advert to the case of passionate outbursts or tbe modes of feel- 
ing whose charaeteristic is explosiveness. These costly discharges 
of vital energy are easy to induce at first hand, and easy to attach to 
indifferent things, so as to be induced at second hand likewise. ,r ery 
rarely are they desirable in themselves; our study is to check and 
control them in their original operation, and to .hinder the rise of new 
occasions for their display. One of the best examples is terror, an 
explosi ve and ,vastcful Inanifestation of energy under certain fornls 
of pain. If it is frequently stimulated by its proper causes, it attaches 
itself to by-standing circum
tances with fatal readines
, and proceed
 
with no tardy steps. Next is ira
cibility, also an explosive emotioH. 
It too, if ready to burst out by its primary causes, soon enlarges its 
bonlcrs by new associations. It is in every "ray more dangerous 
than terror. The state of fear is so nliserable that ,ve woulù restrain 
it if we could; the state of anger, a1tlJough containing painful ele- 
ments, is in its nature a luxurious mood; and we may not wi
h either 
to check it in t
e first. instance, or to prevent it from spreading oyer 
collateral things. 'Vhen anyone }]as stirred our irascibility to its 
depths, the feeling overflow"s upon all that relates to him. If this be 
pleasure, it is a pleasure of rapid growth; even in tender years 'we 
nlay be advanced il1 hatreds. That cOlnbination of terror and iras- 
cibility giving rise to ",.hat is nampd antipathy is (unle
s strongly re- 
sisted) a state easy to assume and easy to cultivate, and is in wide 
VOL. XI.-26 
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contrast with the slow growth of the pleasures typified under the 
foregoing head. A signal illustration of explosiveness is furnished 
by laughter, which has both its original causes, and also its factitious 
or borIowed stimulants. This is an instance where the severity of 
tbe agitation provokes self-eontrol, and where advancing years con- 
tract rather than enlarge the sphere. As the expression of dispar- 
aging and scornful emotions, its cultivation has the facility of the 
generic passion of malevolence. "
 e Jnay refer, next, to the eÀplosive 
eJllotion of grief, ,,'hich is in itself seductive, and, if uncontrolled, 
adds to its primary urgency the force of a }Jahit all too readily ac- 
quired. There is, moreover, in connection with the tender enlotion, 
an explosive mode of genuine affection, of which the only defect is its 
being too strong to last: it pronlpts to a degree of nlomentary ardor 
that is compatible with a relapse into coldness and neglect. Thif:, 
too, win spontaneously extend itself, and will exenlplify the growth 
of emotional association with undesirable rapidity. 
"Vbat has no,v been said is but a summary and representation of 
familiar 
motional facts. Familiar also is the remark that explosive- 
ness is the weakness of early life, and is surmounted to a great de- 
gree by the lapse of time and the strengthening of the energies. The 
encounter 'with others in eY
ry-day life begets restraint and control; 
and one's own prudential reflections stinlulate a further repression of 
the original outburst
, by which also their growth into habits is re- 
tarded. In so far as they are repressed by influence from without, 
and counter-habits established
 as a part of moral education, I have 
elsewhere stated ",-hat I consider the two main conditions of such a 
result-a po"yerful initiative, and an unbroken series of conquests. 
'Vhen these conditions are exemplified through all the emotions in 
detail, the specialtie
 of the difierent genera-fear, anger, love, and 
the rest-are sufficiently obvious. 
III. The chief interf\st always centres in those associations that, 
from their bearing on right and wrong conduct, receiye the nan1e 
" 1\lora1." The class just described have this bearing in a very direct 
form; while the fìr
t class indirectly subserves moral ends. But 
,vhen we approach the subject .with an express view to moral culture, 
,ve n1ust cross the field of emotional :lssociation in general by a new 
track. 
The ncwly-appointed profe
sors of: the theory of education are per- 
haps not yet fully a"rare that, when they venture npon the troubled 
arena of moral education, they .will not be able to evade the long- 
standing question, "That is tbe moral faculty? A very short argu- 
ment will prove the point. 1\lo1'al improvement is obviously a 
strengthening of this so-called moral faculty, or conscience-increas- 
ing its might (in Butler's phrnse) to the leyel of its right. But in 
order to strengthen an energy we must know what it is: if it is a sim- 
ple, we must define it in its sÎll1p1icity; if it is a cOlnpound, 'we must 
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assign its elements, with a view to d(>fine them. The unconventional 
handling of moral culture by Benthaul alld J
unes ]\[ill is strongly 
illustrative of this part of the case. l\Iill's view of the moral sense 
is the theory of thorough-going derivation; alld,-in delineating the 
process of llloral 
ducation, he naturally fol]ows out that view. lIe 
takes the canlinal virtues pi
'cenleal; for example: "Telnperance 
bears a reference to pain and pleasure. The object is, to connect with 
each pain and pleasure those trains of idea
 which, according to the 
order established among events, tend most effectually to increase the 
S1un of plea!:'ures upon the whole, anù diminish that of pains." The 
advocates of a. moral faculty would have a different way of inculcating 
temperance-which, however, I willllot undertake to reproduce. 
It wiU not be deniea, as a matter of fact, that the perennial mode 
of insuring the moral conduct of Inankind has been punishment and 
reward-pain and pleasure. This method has been found, generally 
speaking, to an
wer the purpose; it has reached the springs of action 
of human beings of every hue. No special endo,wment has been needed 
to make man dread the pains of the civil authority. Constituted as 
,ve are to flee all sorts of pain, ,ve are necessarily urged to av-()id pain 
when it comes as punishnlent. Education is not essential to this effect 
any more than it is e
sential to our avoiding the pains of hunger, cold, 
or fatigue. 
Those ,vuo demur to the existence of a special faculty, different 
frotn all the other recognized constituents of mind-feeling, wiI1, or 
intellect-are not to he beld as declaring that conscience is entirely a 
lllatter of education; for, without any education at all, man may be, 
to all intents and purposes, Inor:11. 'Vhat is meant by the derivative 
theory of conscience is, th:lt everything that it includes is traceable 
to snme one or other of the leading factors of our nature: first of all to 
will or volition, nlotived by pain and pleasure, and next to tbe social 
and sympathetic irnpulses. The cuöppration of these factors supplies 
a nearly all-powerful impetug to right conduct, wherever there is the 
external machinery of law and authority. Education, as a third fac- 
tor, plays a part, no doubt, but ,ve nlav overrate as well as under- 
rate its influence. I 
hould not be far o
t in saying that seventy-five 
per cent. of the userage moral faculty is the rough and ready response 
of the will to the constituted penalties and rew"arc1s of 
oci
ty. 
.At tbe risk of em broiling tlw theory of education in a contl'oversy 
that ,,,"ould seeln to be alien to it, I conceive it to be necessary to make 
these broad RtatemC'nt
, as a prelude to inquiring ,vhat are the emo- 
tional and volitional associations that constitute t he made-up or ac- 
quired portion of our n101":11 nature. That e{iucation is a considerable 
factor is shown by the difference hetweC'1l the chil.1ren that. are neg- 
lected and such as are carefull v. tended. no difference howeyer that 
oJ' , , 
means a good dea.l more than education. - 
'Vhell the terrors of the law are once thorouO'hlv understood it 
o oJ , 
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does not seem as if any education could add to the mind's own origi- 
nal repugnance to incur them; and, on the other hand, 'when some- 
thing in. the nature of reward is held forth to encourage certain kinds 
of conduct, we do not need special instruction to pron) pt us to secure 
it. There is, indeed, one obvious weakness that often nullifies tl1e 
operation of these motives, namely, the giving ,yay to some present 
and pressing solicitation, a "reakness that education nlight do some- 
thing for, but rarely does. The instructor that could refornl a victinl 
to this frailty ,vanld effect sOlnething llluch wider than llloral iIll- 
pro\Tement properly includes. 
Going ill search of sonle distinct lines of {'motional a
sociation that 
enhance the original inlpulses coincident with nloral duty, I think I 
may cite the gro,vth of an inlnlediate, indepelldent, and di
interested 
repugnance to ,vhat is uniforIllly denounced and punished as being 
,vrong. This is a state or di:-:;position of mind fonuing part of a well- 
develuped conscience; it nlay grow up spolltaneou
ly under the ex- 
perience of social authority, and it nlay be aided by inculcation; it 
may, however, also fail to show itself. This is the l)aral1el of the 
much-qnoteù love of money for itself; but is not so facile in its 
growth. For one thing, tbe mind must not treat authority as an 
enemy to be counted ,vith, and to be obeyed only ,,
hen we can't do 
better. Thel"e must be a cordial acquiescence in the social system as 
working by penalties; and this needs the concurrence of good Ï1n- 
pulses together with reflection on the evils that mankind are saved 
from. It is by being favorably situated in the world, as .well as by 
being sympathetically disposed, that we contract this repngnange to 
imlnoral acts in themselves, and ,vithout n'ferel1ce to the penalties 
that are behind; and thus perform our duties .when out o( sight, and 
not in the narrowness of the letter, but in the fullness of the spirit. It 
would take a good deal of consideration to ShOl\
 how the schoohnaster 
might coüperate in furthering this special growth. 


... 


TIlE NORWEGIAN LE1tI
IING AXD ITS ltIIGRATIONS. 


By W. DúPP A CROTCH, M. A., F. L. S. 
A )IOXG the many lnarv.elous stories ,vhich are told of the K 01'- 
w.egian lenlmillg (lJIyodes lunrnus, Linn.), there is one which 
f'eems so directly to point to a lost page in the JJistory of t}Je .world, 
that it is worth a consideration ,vhich it appears hitherto to })ave es- 
caped. · I allude to the remarkable fact that every member of tbe Y3St 
swarms which p{1riodically :llmo
t devastate Norway perishes yo]un- 
tarily, or at least instinctively, in the ocean. But ns ::IIDong my 
readers some may not be fan1Ïliar with the lelnming, a brief d{>
crip. 
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tion of the animal itself \vill not be ont of place. It is a vole, like our 
short-tailed field-lnou
e, very variable in size and color, but the figures 
(Fig. 1), which are about half the natural size, ,vill be found to resem- 
ble the Inajority in the latter respect, The claws, eEpecially on the 
fore-foot, are strong anJ curved; the tail is ycry short, the ears scarcely 
,risible, and the Lead-like, black eyes seeln ahvays to notice objects 
aùove t1]em rather than those in any other direction. During the 
sumlner these animals fOrIn their nests under stones, usually betray- 
ing their hahitations hy the very care \\'"hicb they take to keep them 
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FIG. t.-GROUP OF LEMMINGS. 



wcet and clean. Tn winter, howeve.., t.hey fornl long galleries through 
t he turf ana under the sno,v in search of their food, wlJÍch is exclu- 
sÍ\'ely vegetahle; and it is at this tinle that those ravages are caused 
,,-hich have led the Norwegians in former times to institute a special 
fornl of prayer against their in\'asions. There 3re several species 
of lemlning, ea
ily recognizable, and with wel1-1uarked geographical 
range; but it is to the SC:1ndinavian species only that the follo,,
ing 
olll description app1íe
: "It lives on the ShootR of the dwarf-birch, 
reindeer lichen
, and other lllosses; it hi
ses and bites; in winter it 
runs under the 
llOW'; and about every tenth year, e
pecially before 
nn extremely 
evere winter, the wllole arn1Y of :1uimals, in the autumn 
and 3t night, migrates in a direct line." ....\ccordinO' to 01aus 1\I
1,o-nus 
b M 
they fall from the clouds; and Pennant narrates that" they c1e
cenù 
froIn the Iijüleú, n1ftrching in parallel lines three feet apart; they trav- 
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erse N ordland and Finmark, cross lakes and rivers, and gnaw through 
bay and corn stacks rather than go round. They"Ïnfect the ground, and 
the cattle perish which taste of the grass they Lave touched; nothing 
stops them-neither fire, torrents, lakes, nor morasses. The greatest 
rock gives them but a slight check; they go rouud it, and then 
resume their march directly without the least ùivision. If they nIeet 
a peasant they persi
t in their course, and junlp as high as his knees 
in defen::;e of their l)rogress. They are so fierce as to lay hold of a 
stick and suffer themselves to be swung about Lefore they quit their 
bold. If struck they turn about and l)Ïte, and ,,,ill nlake a noise like 
a dog. Foxes, lynxes, aud ern1Ïnes, follow then1 in great nUll1bers, 
and at length they perish, either through 'waut of food or by destroy- 
ing one another, or in sonIe great water, or in the sea. They are the 
dread of the country, mId in former tinles spiritual weapons were ex- 
erted against them; the priest exorcised tllCm, and had a long form 
of prayer to arrest the evil. Happily it does not occur frequently 
-once or twice only in t,venty years. It seems like a vast colony 
of emigrants from a nation overstocked, a discharge of animals from 
the northern hive 'which once poured forth its myriads of human 
beings upon Southern Europe. They do not fonn any magazine for 
winter provision, by which improvidence, it seeIns, tbey are compelled 
to make their sumn1er nligration in certain year
, urged by hunger.. 
They are not poisonous, as vulgarly reported, for they are often eaten 
by the Laplanders, who con1pare their flesh to that of f'quirrels.)) 
1\1. Guyon disposes of t
e th('oi'y tbat these n1Ïgrations are influ- 
enced by approcwldng s('vere weather, since the one witnessed hy 
himself took place in thè spring; also the snperaùundance of food 
during the previ.ous autumn precluded all idea of 8tarvation.. He 
thprefore adopts a third view', that excessiye n1ultiplication in certain 
years necessitates emigration, and that this follow
 a descending 
course, like the nlountain-streams, till at length the ocean is reached. 
1\11'. I
. Collett, a Norwegian naturalist, 
Trites that in K ovemher, 
1868, a ship sailed for fifteen hours through a swarm of lenImings, 
which extended as far over the Trondhjem
-fjor<l as the eye could 
reach. 
I will now relate my own experience of tIle lemming during three 
migrations in Norway, and in a state of captivity in England. The 
situation of Heimdalen, where I reside during the summer months, is 
peculiarly wen suited for observation of their migl'ations, lying as it 
does at an elevation of 3,000 feet, aud ÏInmediately unaer the higl}est 
mountains in Scandinayia; anù yet, excepting during n}jgration, I 
have neyer scen or been able to l)rocure a speC'imen. It 'was in the 
autun1n of ] 867 that I first ]ward the peeuliar C'J'y of the lemming, 
guiùed by ,d}jch I Roon found the pretty animal badu.d up by:t stone, 
against 'which it incessantly jerked its body in passionate leaps of 
rage, all the ,vhile uttering a shrill note of defianc('. The black, bead. 
, 
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like eyes seemed starting from their sockets, and the teeth shone 
white in the sunliaht. I ha
til y snatched at the sayao-e little creat- 
ð 
 
nre, but it sprang conlpletely round, fastened its teeth sharply in nlY 
hand, and taking advantage of my surprise escaped under a large 

tonc, ,vhence I could not dislodge it. .A. Norwegian frieud ,,,ho ac- 
cOInpanied me by no nleans shared my feelings of satisfaction at the 
sight of a lemnÜng. ," 'V" e shall have a severe winter and no grass 
next spring, owing to those children of Satan!" was his COInment on 
the evcnt. However, it was many a month before I saw another; 
then, on lifting a flat stone, I founù six in a nest of dried grass, blind, 
and apparently but just born. In a fcw days the ,vhüle fjeld became 
swarming with these pretty VOICR; at the sallie tÌ1ue wbite and blue 
foxes made their appearance, anù sno,vy O"wls and many species of 
hawks became abundant. l\ly dogs, too, were annoyed by the rash 
courage of the new-comers, which ,vonld jump at their noses even 
1vhen slowly drawing on game, so that they never spared a lemming, 
though they never ate them till last year, whe.n Iobseryed that they 
would eat their heads only, rejecting the body, although they de- 
voured the comnlon field-mouse to tbe end of his tail. As the season 
advanced and snow covered the gronnd, the footprints and headless 
carcasses told plainly how hard it must be for a lemming to preserve 
its life, although there can be no doubt that its inherent pugnacity is 
.its worst enemy. In this country ,ye fail to conceive how much active 
life goes on beneath the snow, which in more northern latitudes fornlS 
a warm roof to numerous birds, quaðrupeds, and insects, wl1Ïch are 
thus enabled to secure an otherwise impossible sustenance. At the 
same time, as I have already noticed, a fearful struggle for existence 
is carried on during the long autumnal nights, before the snow has be- 
come a protection rat her than a new source of danger to all save pre- 
daceous animals. It was a curious sight, when the whole visible 
landscape was an unbroken whiteness, to see a dark form Ruddenly 
spring fronl the surface and scurry over the. 8now, and again vanish. 
I found that SOine of the holes hy means of ,vhich this feat was exe- 
cutcd were at least five feet in depth, yet even here ,vas no safety, for 
the reinJeer often kill the lemn1Ïn cr s b y stanI p ino' on them thouCfh I 
ð ð , 0 
do not believe their bodies are eyer eaten. 
During the autumn I noticed no Inigration, or rather there ,vas 
only an i
migration from some point to the eastw
rd, and in the sub- 
sequent migrations of 1870-'71, and 1875-'76, I still found the same 
f'tate of things. Thc,animals arri\"cd during early autumn, and in1- 
mediately began to breed; there was no procession, no serried 
hands undetcrred by ob
tacles, but there '\\?as an invasion of tem- 
porary settlers, .which 'Vf\re speedily shut out from human view 
by the Hnow, and it was not till the following summer that the 
army, reënfol"ced by five or six generations, ,vent out to perish like 
the hosts of Pharaoh. On cahn nlornings my lake, which is a mile 
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in width, was often thickly studded with s,vimming lemmings, every 
head pointing westward; but I observed that when my boat came near 
enough to frighteu them they would lose aU idea of direction, and 
frequently swim back to tIle bank they bad left. 'Yhen the least 
wind rufficd the water every swilnmer was drowned; and never did 
frailer barks tempt a lllore treacherous sea, as the ,vind s.wept daily 
down the valley, and ,vrecked all who "Tere then afloat. It is impos- 
sible not to feel pity for these Felf-haunted fugitives. A n10re cloud 
})3ssing over the sun affrighted tllem; the approach of horse, cow, 
dog, or luan, alike roused their ÏInpotent anger, and their little bodies 
were convulsively pressed against tllC never-failing stone of \>antage 
(see Fig. 1), while they uttered cries of rage. I coHected 500 skins, 
with the idea of making a rug, but was surprised to find that a })or- 
tion of the rump was nearly alw.ays denuded of hair, and it was long 
before I discovered that this was caused by the habit of nervously 
backing up against a stone, of which I have just spoken. As this 
action is excited by every appearance of an enelny, it seems surpris- 
ing that a natural callosity sl)ould not take the place of so constant a 
lesion; possibly, bowever, the time during which this le
ion occurs is 
too short to cause constitutional change. 
Early in the autumn, and just a year after their arrival at I-Ieim- 
dalen, the western migratìon commenced ane\v. Every morning I 
found swarms of lemmings swimming the lake diagonally, instead of 
diverging from their course so as to go round it, and mounting the 
steep slop0s of IIeimda18-hö (Figs. 2 and 3) on their ,vay to the coast, 
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FIG. 2.-Pr.AN OF HEIMDALEN drawn to scale. in which the conrse of the Lemmings, indicated by 
the arrOWfI, is seen to CrOf:B La ke Hcimdalsvand and the swift river Lcirungcll, both of w hkh 
might be avoided by a slight détour. The river is of glacier origin, very cold and very rapid. 


where the harassed cro,,
d, thinned by the unceasing attacks of the 
wolf, the fox, and the dog, and even the reindeer, pursued by eagle, 
hawk, and owl (see frontispiece), and never spared l)y man himself, 
yet still a yast 111ultitnde, plunges into the Atlantic Ocean on the first 
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calm day, and perishes with its front 8till pointing westward. No 
faint heart lingers 011 the "'
ay; and no survivor returns to the moun- 
tains. 
There appears to ha '"e been a difficulty in keeping these rcstleFS 
creatures i.n captivity, both because they escape through incredibly 
small apertures (generally, howeyer, dying from internal injuries thus 
caused), and because -they will gn
nv through a stout wooden cage in 
one night, and devote every spare m,oment to this one purpose, ,,
ith 
a pertinacity ",\,rorthy of Baron Trenck. At all eyents, few have been 
brought aliye to this country, and none have survived. At present 
(February, 1877) I have one which I have preserved since September 
last, defeating his attempts at escape by lining the cage with tin, and 
allowing him a plentiful supply of fresh water, in which he is always 
dabbling. With the approach of winter all his attenlpts to escape 
ceased, au(l I now always take tbe little stranger for an airing in my 
closed hands while his bed is being made an..d his roonl cleaned out. 
lIe seems to like this, but after a fe,v minutes ,a gentle nibble at my 
fing<:>r t('
tifies to his imp
ti('nce; anel if this he not a ttcnd.ed to, the 
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FIG. 3.-SECTlOl't üI!' l.1EIMUALEN showing the Lcmming8' track, \\ hich 001::8 not (0110 \V tho water- 
shed. 


biting progresses in a crescendo scale until it 'becomes unbearable, 
although it has never under these circumstances drawn blood. l\ly 
little prisoner shows few other signs of tamene
s, hut the fits of jump- 
ing, biting, and snarling rage have almost ceased. I expect, bO\\T- 
ever, that, with the return of spring, the migratory in1pulse will be 
rt'newetl, and that he ,viII kill hÏInself ac"ain
t the ,vires of his ca g e 
v 
like a swallow. 
The r(,'at1er is now in a position to consider the tln"ee questions 
raised by the above facts, and those questions are as follow: l. 
'Yhence do the lemulings come? ' 2. Whither do t]lCY go? 3. "'hy 
do they migrate at all? ""'îth regnrd to the first, no one has yet sup- 
plied an answer. 1.'hey certainly do not exist in my neighborhood 
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during the intervals of migrations; and tIle I\jülen range ,Y3S prob- 
ably selectetl as their haLitat, not because it ,vas .proved to l>e so, Lut 
because so little is known about it at all. The answer to the second 
question ï"
 certain: l'hey go to the sea. Those on the east of the 
backbone of X orway go to the Gulf of Bothnia, and those on the west 
to tbe .Atlantic Ocean (Fig. 4), and out of eighte('n luigrations which 
have been investigated, one only, anù that very douLtful, is re})orted 
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FIG. 4.-0('TT.Th
 l\IAP OF SCA1\DlNAVIA. The' Í\\O main vnl1cys. Gudlm1D(lE'ùa](>n flJl(l the \"a11<'1 
of the GJomnwn, run })('arl
' 110fth and 
oulb. The course of the Lemming!; croß8e
 tbl'l:'e at 
right angles, as indicated by the arrows. 


to have been directed southward. The question as to the cause ûf 
these migrations remains, and is a very difficult one to answer. ".,.. e 
have been told that the forekno,vledge of approaching f'eyere ,,"'eather 
I)}'edetern1ÏncR the exodus: my experience, however, contradicts this, 
and it may be disnlissc(l as nlerely a popular superstition. Unusu31 
reproduction and consequent deficiency of food is a Inore plansiLle 
theory; "Lut I h3' e always noticed that, jn
t as with tllC s"Tallow, a 
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few individuals have precEded the main body, and that during the 
first autumn the Illunbers are neyer large, hut, after a \vintcr spent be- 
neath the snow, they begin to breed ,vith the first days of sunlmer, 
and thus develop the extråordinary multitude which'is, as it well nlay 
be, the astonisllluent and terror of the country. It appears, then, that 
excessive reproduction is rather the result than the cause of nligl'a- 
tion. It has also been suggested that the course taken tJY the lem- 
mings fo]]ows the natural declivities of the country, but a reference to 
the nlaps 'win show that in that case nearly all the Norwegian migra- 
tions should take a southerly route, \vhich is by no means the case. 
On the contrary, ,vestward at Heimdalen means across a rapid river, 
over a wide lake, and up a steep, rocky, and snowy mountain, and 
this is the course ,vhich is followed. K ow, this ends eventually in the 
ocean, and thus ,ve are again landed at the question from which ,ve 
set out. After all, it is not the power of direction which is so renlark- 
able; this is a faculty possessed by nlany anÎ111als, and by man him- 
self in a savage state. A young dog which I t
ûk from England, and 
then ii.om my home in Vaage by a path to IIeimdalen, a distance of 
fort y-six nIÏIf>s, ran back the next morning by a direct- route of his 
OWll, crossing three rapid rivers and much snow, aud accomplishing the 
distance in six hours, \vithont the vestige of 
 path. This same dog 
afterward repeated the feat, but follo,ycd tbe }Jntl.l, and took two days 
in rcaching his destination, hindered and Dot aided, as I believe, by 
his experience. IIerr Palmén, indeed, says, "Experiencc guides nÜ- 
gration, and tl)e older migrants guide the younger," like one of 1\lr. 
Cook's personally-conducted tours. This obviously cannot be the 
case with the lenlmings. 
It is now generally admitted that instinct is merely inhel'ited ex- 
perience, and is, therefore, primarily calculated to benefit thp s!)ecies, 
unless, indeed, circumstances have changed meanwhile more rapidly 
than the structures to ,vhich the phenonlella of instinct nre due. 1\ o.w, 
the lemmings during their wanderings pnss tbrong}] a land of nlHk 
and honey, where, if their instincts could be appeased, they might 
,veIl take up a permanent abode; and yet they pass on, while their 
congener, the field-vole, remains in quiet possession of the quarters 
froln \vhich he was tenlporarily ousted. It is, indeed, ahnost as 
strange a sight to see the holes, the d.eeply-grooved runs, and the 
heaps of refuse, of these restless creatures, ,,'hieh have passed a.-way 
but yesterday, as it is to see the fjelds suclòenly become alive .with a 
new and boisterouR tenant, ,vho, like another Ishmael, has the hand 
of all men agairist him. 
N ow, if we compare the migration of the lemmings with that of 
onr more familiar s,vallow.s, we find that the lattcr ohviously seek a 
n10re genial climate and more abundant food, retnrning to us as surely 
as summer itself; nor do they ever, so far ns I know, breed on their 
passage. The swifts, which stay but a short time ,,'ith us, renlaill in 
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Norway barely long enough to rear their young before returning to 
Africa. It is difficult, in fact, to finò a parallel case to that of the 
lemnl
ng
. The nearest approach, perhaps, is afforùed by the strange 
imluigration of Pallas's sand-grouse in 1863, ,vhen a species whose 
honle is on the Tartar steppes journeyed on in considerahle numbers 
to the nlost ,vestern shores of Europe, and very probaùly nlan)" per- 
ished, lik
 the leInn1Ïngs, in the waves of the Atlantic. Bu1 to revert 
to the swallows, ,vhich annually de:sert Europe to visit Africa. L{,t 
us snppose that these birds were partial n1Ïgrants only-th:tt is, tllat 
a remnant relnainec1 ,vith us after the departure of the main body- 
and further suppose that the continent of Afriea Were to become F:ub- 
Jnerged, would not nutny generations of swallows still foHo\v tllcir 
inherited migratory instincts, and seek the land of their ancestors 
through the new ,vaste of waters, ,,
hile the remaining stock, unirn- 
})edec1 by competition, woulcl sooner or later, according to the seasons, 
recruit the ranks for a new exodus? It appears quite as In"obable 
that the iUlpetus of migration toward this lost continent should be re- 
tained as that a dog should turn round before lying do,yn on a rug, 
Inerely ùecause bis ancestors found it necessary thus to hollo'w out a 
couch in the long grass. 
'VeH, then, is it prohaùle that land could haye existed ,,?here no,v 
the ùroaò Atlantic rolls? All tradition says so; old Egyptian records 
speak of Atlantis, as Strabo and others have told us. The Saharn 
itself is the f:.and of an ancient sea, and the slwl1s which are found 
upon its surface proye that no longer ago than the l\Iiocene period a 
sea rolled over ",'hat now is desert. The voyage of the Challenger 
11as proved the existence, of three long ridges in the .A.tlautic Ocean, 
one extending for Inore than 3,000 nlÌles; and lateral spurs nlay, hy 
connecting these ri(lges, account for the n1arvelous similarity in 
the fanna of aU the Atlantic islands. IIowever, I do not snppose 
tbat the lemmings ever ,yent so far sOHtll, though they are founù as 
fos
ils in England; but it is a remarkable fact that, ,vhile the sound- 
ings off Norway are comparatively shallow for many nJiIes, we find a 
narrow hut deep channel near Iceland, 1\ T hich probably has J}reycnted 
the lenlming- from becon1Ìng indigenous there, a1tllollgh a.n Alneriran 
f:pecies ,vas found in Greenland during the late arctic expedition. If, 
as is probable, the Gulf Stream formerly followed this deep channel, 
its beneficent influence would only extenrl a fe,v miles fronl the coast, 
,,
hich "ouIe! also have rpached to a great distance beyond the pres
nt 
f1.hores of N or\\"ay, an(l thus the lemn1Îngs would ha,re ac(pÜrec1 the 
habit of traveling westward in se.arch of better climate aud more 
abundant food; and, as little by little the ocean encroached on the 
lanà, the sam
 a(h
antages would Ftill be attained. And thus, too, 
,ve find nn explanation of t.he fate ,,,hich hpfalls the adyenturous wan- 
derers; for ,ye 11aye already seC'n 1Ilat no lake deters them, aHa that 
they frequently cross the fjords, or arms of the sea, in safety. No 
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doubt, therefore, they cominit thClIlselyes to the Atlantic in tbe belief 
tbat it is as passable as tho
e lakes anù fjords ,vhich they have already 
successfully dared, anù that beyond its waves lies a land w hicb they 
are n
ver tlcstincd to reach. 
The submerged continent of Lemuria, in what is now the Indian 
Ocean, is considered to afford an explanation of nlany difficulties in 
the distribution of organic life, and I think the existence of a l\liocene 
Atlantis 'v ill be found to Lave a strong. elucidative bearing OIl subjects 
of greater interest than the n1Ïgration of the lemming. At all events, 
if it can be shown that land existed in former ages where the Korth 
Atlantic no,v rolls, not only is a motive found for these apparently 
suicidal Inigrations, but also a strong collateral proof that what we 
call instincts are Lut the blind and sonletilnes even prejudicial inheri- 
tance of previously-acquirell experience.-Popular Science Revieu'. 


.... 
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By JOlIN A. GARVER, A, B. 
A K article in TIlE POPULAR SCIENCE l\IOYTHLY of last November 
gave an interesting account of the early history of fire, showing 
ho,v that Ï1nportant element was obtained in prin1Ïtive times. '\Ve will 
now consider the developn1ent of the n10dern art of exten1porizing 
fire. In a match-making age those crude and ancient processes are 
regarded with curiosity, but that they ever possessed any practical 
value is scarcely realized; while th
 use of our prompt and cheap 
devices for producing combustion has grown to be such a matter of 
course that a thought is hardly given to the time ,,
hen they did not 
exist. During the whole of the last century, however, and in the early 
part of the present century, the invention of a safe and trustworthy 
agent for furnishing fire was regarded as one of the great wants of 
the age; and fifty years ago a tinder-box ,vas as much an indispen- 
sable article of household economy as is the ,vpll-fil1ed match-safe to- 
day. The sulphur-match now in use is not so old as our raiìroads, al1l1 
hut a few years ago there occurred frequent exan1ples of burns caused 
by the explosion of the match and the projection of its bnrning pieces. 
Among the more civilized nations, the tinrlcr-box, with the flint 
and steel, hecalno known in the fourteenth century, and continued to 
be used, notwithstanding the other methods, do,,
n to the invention 
of the lucifer-match. The tinder was formed by the partial combus- 
tion of a linen or cotton rag, and, being ignited by striking a spark 
npon it from the flint and steel, cOlnmunicated its fire in turn to the 
match. 
\Yhen phosphorus ,vas first discovered, two hundred years ago, it 
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was utilized in London ùy rubbing it between two pieces of brown 
})aper. A fire was })roduced in this ,yay, ,vhich.lighted a splint tipped 
,vitb sillphur. ..Another early metllod vnlS to put a piece of phoSI)ho- 
rus in à vial and stir it with a hot iron wire, after ,vhich the vial was 
corked tightly for use. As the phosphorus ,vas })al'tially burned in 
the confined portion of the air, tbe interior of the vial became covcred 
with oxide of phosphorus. 'Vhen a light was desired, a sulphur- 
tipped splint ,vas dip}->ed into the bottle, a portion of the p}JosplJorus 
adhered to it, and, being ])l'ought into the air, the chemical action 
bet"reen the two substances caused a flame which lightcd the spliut. 
'Vhen chlorate of potash is mixed with loaf-sugar, a drop of sul- 
phuric acid let faU on the conlpound will produce a brilliaut flmn
. 
This principle involved the next stage in the tlevelopment of the 
match. The end of the splint was tipped with the nlixture, colored 
,vith vermilion, and ignited in a little bottle containing asbestus and 
sulphuric acid. The various ingredients ,ycre then put into a hand- 
some n1etal case, and the patent was ready to take its place anl0lJg the 
,vealthy; for, at first, a single case of a hundred sold for four dollars 
and seventy-five cents. There were certain drawbacks to the IJloactical 
use of this invention, as the acid 'would become ,yeak by absorl>ing 
moisture froIn the air, and the match, instead of producing the brilliant 
flame expected, merely smouldered and spurted the acid about, to the 
detriment of good clothes and a peaceful disposition. As a stroke of 
economy, such a 'wetted match was occasionally put back 
unong the 
rest for futuro use; but, coming ip. contact with one nlore energetic, 
it ignited the latter, and thus the 'whole collection was lighted at once 
and shot out in all directio
lS. Froln this dip-splint, oxynnuiate match, 
or instantaneous light.box, as it w'as variously tel'Illed, lucifers traee 
their ]in
a] descent. 
John "T' alkpr, an Englisllman, is generally supposrd to Jla\'e in- 
vented lucifer-lnatchcs in 1829. Tho first real friction-match "
as 
n1alle in England in ] 832, and ".as a conlpound of chlorate of potash 
and sulphuret of antÏtnouy. It was ignited by strong conlpression 
between two pieces of sand-paper, and, as a natural consequence, the 
heads frequently flew off in all directions. ....^.,.., year or two later, phos- 
phorus was sub
tituted for the antinlony; the matëhes 'were called 
" congrf\Yes," and the compo
ition continued to ùe improycd by u
ing 
other c:onstitnents for part of the f'hlorate of potash. 
The ease with ".hich pho
p]lorus is i
nited by friction has caused it 
to be employed universally in the manufacture of matches. The partic- 
ular proportions and the exact ingredients which make up the head 
of the match are jealously guarded by the manufactnrcr
, each one 
c1ain1Ïng' some advantage oyer the others. From one-t,velfth to onc- 
tenth is laid do,vn as tIle b(>st proportion of phosphorus to be en1- 
ployed. Glue, gum, or similar substances, are used for causing the com- 
position to aùhere to the splint. The use of glue is objectionable, as it 



MATCHES. 


4 L 5 


carbonizes and l)revcnts combustion. In preparing the compound, the 
n1ucila cr inous substance is dissolved in water till it assumes the cOllsist- 
ð 
ency of thin sirup. After it is heated, the phosphorus is added in 
small pieces, and thoroughly incorporated by rubbing till cold. If it 
,vere left in this condition, ho"reyer, the rnass, upon becon1Ïng cola, 
woulLl prevent the admission of air and hinder combustion. SOllle 
additional substance is necessary to supply the oxygen to it, such as 
red-lead, saltpetre, or chlorate of pota:3h. Coloring-lnatter is also 
usually put into the solution: vernÜlion, if the tips are to be red; 
Prussian hlue, if they are to be Llue, etc. In making sulphur-matches, 
the ends of the splints are first dipped into melted sulphur, and after- 
ward touched to the surface of the phosphorus-paste. In lighting such 
a nut-tch, the process is as follows: the coating of the head is broken 
by friction, the phosphorus i
 kindled, and the heat of its combustion 
decomposes the salts; these, in their decomposition, evo1\'e oxygen, 
,vhich provides the fnel, increases the heat, and causes the ignition of 
the sulphur, which in turn inflames the wood.. The tenlperature re- 
quired for kindling luatches varies from 150 0 to 160 0 }1"ahr. The 
sulphur is .what causes the peculiar brimstone-odor. Instead of sul- 
phur, stearin, stearic acid, or paraffin, is used in the better kinds of 
matches. They burn more readily than the sulphur-matches, as the 
fatty matter and ,vood take fire together, ,vhile in the others the sul- 
phur must first be conRumed before the 'wood is ignited. The matches 
soaked in t
ltty matter also burn with a clearer and brighter light, and 
are free from the disagreeable odor due to the sulphur. A coating of 
yarnish is sometilnes eluployed to protect the head from lnoisture. 
Before a box of rnatches can be sold, it has passed through about 
forty different processes, t,venty for the matcbes and as many for the 
box. The wood used for the splints is commonly white-pine, free frolH 
knots. Other ,voods are also occasionally en1ployed, as beech, birch, 
willow, poplar, and cedar. lUnch of the w'ood for this purpose is 
brought froll1 Canada, and the match-manufacture is assuming such 
large proportions th3t it is making serious inroad
 into the supply of 
clear white-pine timber needed for other purposes. FOrIllerly, the 
splints ,vere cut by hand, and the compof'ition "
as applied by the 
same means. Separate factories are now conlmonly employed for nutk- 
ing the 
plints, and the entire labor is performed by luachinery. As 
the manufacturers ùo not allo,v yisitors in their buildincrs it is im I )os- 
ð , 
sible to describe exactly the machinery or the Inethorls enlployed. By 
one process, the pine-wool is reduced to two-inch })lanks, which are 
cut into blocks the length of the ordinary match. These are put -into 
a small machine, ",vhich at each stroke cuts off twelve splints, and at 
the following stroke deliven; thCIU upon an endless chain, ,yhieh car- 
ries them to a sulphur-bath, ,vhcl"e a wheel, revolving in the sulphur, 
coats their ends as they pa
s; farther on, a similar ,,'"heel appJies the 
phosphorus. . In this conùition the n1atches are broucrht back across 
ö 
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the room, delivered in trays near the cutting-machine, and thence sent 
to the packing-room. In wax-matches, or vestas, the cOluposition is 
attached to a fe,v cotton-threads inlnlersed in a n1Ïxture of !)araffin 
and stearin. One or two hundred of these ,vicks are rolled around a 
cylinder and separated by a conlb. They pass through a bath of 
melted wax and are afterward drawn through holes in a 11letal fraIne, 
which renders the tapers sn100th, cylinJrical, and of the proper size 
and shape. ,.c\.. mechanical knife cuts, at one tiIne, all the wiC'ks accord- 
ing to the determined length, from one to oQe and a quarter inch, 
after which the paste is applied to their ends 'with great rapidity. 
In the luanufacture of lnatches much trouble JUtS been occasioned 
by tbe use of phosphorus, as its fumes attack the teeth of the "
ork.. 
men, and give rise to a disease known as caries of the jaw-bones. 
In some of the small anù poorly-managed factories the men and cbil- 
dren are never free frolll the fumes; their clothes and breath are lu- 
Ininous in the dark, aud in the daytime ".,.hite fumes may be seen 
escaping from them whenever they are seated hy the fire. The phos- 
phorus first attacks a decayeù tooth, causing pain ,yhich constantly 
becomes greater. The gums are sore, the face swollen, and the teeth 
finally drop out. The suffering is excruciating, the patient finds little 
relief for Inonths or years, and, in a severe case, there is loss of one 
or both jaw;.bones, hindering mastication and ending in death. So 
alarming did tbis disease become in Germany at one time that it at- 
tracted tbe attention of the Government. No antidote has yet been 
discovered; but it Cân be prevented to a great extent by ventilation 
and cleanliness. "r e have inquired of several of the leading American 
manufacturers in regard. to the suhject, and all say that their work- 
men are not troubled in this manner. No examination of their teeth is 
enforced, the men being merely warned as to the consequences before 
they b
gin their work. 
Partly as a rcmedy for this evil, the red or amorp]Jous phosphorus 
was substituted for the ordinary variety. This possesses neither odor 
nor taste, is not poisonous, and can be handled ,,'ith safety. The dan- 
ger arising from the use of matches was magnified, bacause they could 
sometimes be seen in the dark, ,,'er(l liable to ignite on a warnl shelf, 
and were poisonous to such an extent that children IJad been killed ùy 
using then1 as playthings. }1'I:om red phoRphorus resulted the safety- 
match. l\1any attempts were made to form a paste with red phos- 
phorus and chlorate of potash ,vithout success, and finally the paste 
and phosphorus "Tere separated. The heads now consist of a pasty 
n1ass composed luainly of sulphuret of antimony and cl110rate of pot- 
ash. The red phosphorus, mixed' with yery fine sand or otller sub- 
stance, is glued to the box in which the matches are contained. It is 
impossible to light such matches by friction upon any common rough 
surface, though they at once bur
t into flame ,,'hen rubbed upon the 
phosphorus 'composition on the box, They can sometimes be lighted 
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without application to the phol'phorus on the box, by drawing them 
several times with long sweeps over such surfaces as glass, ebony, 
etc. 'Vhen they were first introduced into England the use of any 
other kind in the public buildings ,vas forbidden by a special act of 
Parliament. Their manufacture has been encouraged in several Euro- 
pean countries, and in times past their use has by some government
 
been enjoined by Jaw. These matches are also caned" hygienic," be- 
canse they can be pnt into the Ino\tth without danger. 
Another kind of safetY-luatch, which has never come into general 
use, contained the phosphorus at one end and the chlorate of potash 
at the other. The match is lighted by breaking it in halves and rub- 
bing the two ends together. 
In Switzerland, safety-matches are almost the only ones in tLe 
market, and in Sweden they are largely manufactured for exporta- 
tion. A firm in N ew York imported the latter for many yeare, but 
the cnstoms-d uty was so high, and the demand so slight, that the busi- 
ness was abandoned. One of the former partners stated that, if the 
American people would show any desire for the matches, he could 
furnish them much cheaper than the matches produced in tbis coun- 
troy, as in Sweden the materials are provided at a very trifling ex- 
pense. But, as he expressed it, " an American prefers to put. his hand 
into his pocket, take out a match, and strike it on his pantaloons or 

hoe, to economizing by carrying them around in the box in which he 
buys them. And you could never get the Irish servants here to use 
safety-matches unless you had the priest on your side." 
Factories for the production of safety-matches were established in 
N ew York, Boston, ana other places, but they have all failed with the 
exception of one in Erie, Pennsylvania, ,vhich, with the assistance of 
some of the wax and parlor manufacturers, easily supplies the demand 
created in this country. Those made by Bryant & l\lay, in England, 
are also found in the shops here. The great ohjection to safety- 
matches seems to be due to the fact that they are so difficult to carry 
about. In France they are regarded with great disfavor by the }JOpU- 
lation. Noone cares to be troubled with an angular box which he 
must hold in his hand till he has lighted his match; and it is impossi- 
hIe to put the phosphorus compound on a small pocket match-safe, a
 
the surface is not sufficiently great, and the phosphorus soon rubs off. 
A gentleman who has been employed in the manufacture of safety- 
tnatches expressed it as his opinion that they are the most dangerous 
matches made. For in the majority of caseR, when a nlatch is struck, 

ome of the phosphorus on the box flies off, and, being highly inflam- 
mable, if it Jneets with any combustible suhstance, it always gives 
ri
c to a danger of fire. If light{>d ,vhere the phosphorus can fall 
upon the carpet, the result is the s'ame as though the carpet 'were ex- 
posed to the sp:'trks of a fire. There is also a certain degree of telnp- 
tat ion offered to those who manufacture these nlatches. This consists 
T'OL. XI.- 27 
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in putting a small quantity of phosphorus into the heads to make 
them ignite more easily when brought into contact with tbe phos- 
phorus on tbe box. This fraud has actually been carried into effect 
in Northern Germany, and, although nothing of the kind bas been 
discovered in this country, the fact that it 111ay be ,vill })robably in- 
crease their unpopularity. The safety-match 4as certainly had time to 
'Vill its ,yay, as an old variety of it existed in Switzerland at a period 
,vhen other parts of the world ,vere still occupied ,vith the flint and 
steel. It ha:s been claimed for these Inatches that they are better able 
to resist moisture than other varieties. The reason, however, is not 
apparent, as the heads are composed of salts, which are affected by 
,vater in the nlanner of all saline substances. It nUlY Le stated as a 
general rule that those matches are safest which require considerable 
friction for ignition, and which, 'when lighted, furnish merely heat 
enough to kindle the splints. The safest, probably, are those in which 
a considerable part of the compound is formed of sulphur, as it re- 
quires more than usual friction to light them. They are also a quiet 
Inatch, and in lighting do not scatter any part of the head 3 bout. 
But they kindle slo,vly, and the sulphurous fumes always render them 
objectionable. Tbey can also be lighted so conveniently by rubbing 
them on the wall that a .great temptation is held out to serv:\nts to 
disfigure the appearance of a room in this way. . 
.r\.bont twpnty years ago parlor-matches began to be manufactured 
and haye ever since been growing in favor. No sulphur is used in 
them, and in their freedom fro111 o'dor, their conyenience and rapidity 
in lighting, they have a decided advantage over all others. Their 
noisy explosion is occasioÜed by chlorate of potash, and may be pre- 
vented h)T substituting nitrate of potash. They are said to be superior 
to the German nlatch, owing, perhap
, to the fact that they are not 
coated ,vith varnish. They seem to have attained their greatest pop- 
ularity in the 'Vestern and Southern States, and are used pretty gen- 
erally among the 1vealthier classes. Swift & Courtney, who have 
factories in four different cities, manufacture about 1,500 gross of 
these daily, and state th:1t the demand for them is constantly in- 
creasing. They are Dearly ])alf again 3S expe!lsive as the sulphur- 
match, and grocers and retail johbers are inclined to increase their 
price. There is, however, but a small difference between the cost of 
matches with sulphur and those in which stearic acid is used, as nluch 
nlore sulpllur is required tIJaTI stearic acid. They partake of the same 
danger that attends the employment of the safety-match, for if they 
are tipped too profusely t11e burning material win sca,tter to ßonle dis- 
tance. They take fire easily if anyone happens to 8tep upon them, 
and require to l)e guarded carefully where there are children. But 
the danger from their use is not alarming, and insurance companies 
make l)ut little distinction in their rates between these and others. It 
is a nlistaken idea that the invention of matches has caused nutch dif- 
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ference in the number of fires; and, if a certain kind of match is pre- 
ferred for its convenience, it will not be abandoned because it has an 
extra element of danger. Fires may result from the overturning of a 
Lox by a cat or dog, or by the gnawing of the ends of matches by rats 
or mice; but thc:5e occurrences are exceptional, and rarely happen. 
There is said to be ol)ly one factory in America where ,vax-matches 
are now produced. This has been esta11ished within the last few 
years, is running altogether with French machinery, and is :supplying 
a growing denland. The makers of wax-matches do not conle into 
cOlnpetitioll 'with other manufacturers, but find their custom 
nl1ong 
those who are attracted especially by the novelty and })leasing ap- 
pearance of the lnatcbes. Their higher cost prevents them fronl com- 
ing into general use, and tbe fact that there is a monopoly in their 
manufacture exerts some influence in regard to the price. Great care 
is taken in the designs for the boxes, and no pains are spared to n1ake 
them ornamental and attractive. ,Improvements and new patents are 
constantly being made in them. The most recent variety bas a small 
hole in the lid which acts as a candlestick. As soon - as the match is 
lighted, the unburned elld. is inserted in the lid of the box, and an 
illumination is provided which lasts according to. the length of the 
taper. The usual wax-match gives a fine light, which continues one 
or two minutes-that is, four or five times as long as wooden matches. 
This can be increased with their length, and a very respectable im- 
promptu candle may be obtained by the contrivance referred to. Fur- 
ther attractions are providpd by arranging the differently-colored 
heads according to curious and artistic devices. They can be pur- 
chased, having a conlposition resembling the parlor-match, or in the 
form of safety-matches. All wax-matches nlust be made so that they 
will take fire upon slight friction on account of the less resistance 
afforded by the body of the match; but they are not on this account 
any more dangerous than the parlor-match. Though sometinleR used 
hy smokers, they are not well suited to this purpose, as in lighting a 
cigar the fatty matter can be detected by the taste. 
The Japanese have contributed their stock of curiosities to this 
departlnent also. They have a variety of paper matcbes, "Thich burn 
,vith a small, 
carcely luminous flame, forming, as the combustion ad- 
vances, a red-hot ball of glowing saline matter. 'Vhen the nlatch has 
been partly consumed, a succession of bright sparks shoots out from 
the head, and gradually a brilliant scintillation is formed similar to 
that observed in burning- a steel. spring in oxygen, only much nlore 
delicate, the separate sparks branehing out in beautiful forms. These 
matches are COl11posed of carbon, nitre, and sulpI)ur, and there has 
been no difficulty in imitating them. 
:\1:1ny efforts have heen made to construct the heads of matches 
without phosphorus. There is a match in Germany at the present 
time in which this Y""f:ult has been reached, hut none of the cases dis- 
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covered seem to be perfectly satisfactory. Dr. J ettel has made a 
careful examination of the subj
ct, and has arrived at the conclusion 
that the. ingredients prepared to take the place of phosphorus render 
the nlatch more difficult to ignite. while they are not perfectly harm- 
less, but merely less dangerous. They are more sensitive to moisture; 
it is more difficult for the maker to secure a satisfactory result; and 
hence more expensive for the buyer. The Germans in nearly all their 
matches use a much smaller pro})ortion of pho
phorus t})an is done 
elsewhere, but the nlaterial lllust yet be found ,vhich will take its 
place entirely. 
Accidents may be occasioned by throwing half-burned matche& 
carelessly aside, and allowing them to smoulder near combustible sub- 
stances. Various chemical solutions have been compounded in whid. 
the match is to be soaked, so that, as Boon as it is blo'wn out, the fiery 
mass of carbon will become black. Solutions of this kind are alum 
, 
borax, Glauber salts, or Epsom salts. 1\latches thus prepared are, of 
course, rendered more expensive. 
While so much has been accomplished in the "
ay of getting a 
quick fire without exertion, there is stiH room for considerable im- 
provement. A safety-match has yet to be invented ,vbich will con- 
tain the entire conlposition on its own l1ead. A water-proof match is 
desired, but has never been invented. Therè are firms which repre- 
sent that they make ,vater-proof matches, and the scientific journals 
contain from time to time recei})ts to eff
ct this purpose. But they 
are not proof to water in the sen
e in which tbat is generally under- 
stood. Dlost matches may be put into the mouth or dipped into .water 
for an instant, but none of them will bear a drencbing or continued 
exposure to a moist atmosphere. The safety-match is objectiona l)le 
for several reasons, tbe parlor-nlatch from its tendency to 
catter 
about bits of the head, and the sulphur-match from its brimstoneRodor. 
l\Iatches have been made in which camphor and frankincense .were 
mixed with the paste, and tbe wood of the nlatrh was of cedar, so 
that an agreeable odor was diffused in getting a ligl)t. So the time 
may com
 when the fashiona hIe match, in addition to its other excel- 
lent qualities, will l1ave such a delicate fragrance 
bat it "Till be a 
pleasure merely to light it. 
In 1864 the Government required a one-cent stamp to be placed on 
every package of Inatche
. In anticipation of tbe tax a large quan- 
tity had been manufactur
d, so th:lt for the first two years the legiti R 
mate revenue was not deriyed. In 1865 the receipts obtained in 
this manner amounted to aòout $l,QOO,OOO, but since then they I1ftye 
greatly increased, so that the stamp-tax now forms a large part of the 
cost. In comparison with other branches of business this product of 
industry probably affords thQ largest revenue accruing under the ex- 
cise. Owing to this tax seyeral large firnlS either failed or retired; 
and at the present time the manufacturer of sulphur-matches, by the 
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greatest care and economy, secures but a small margin on his ßales. 
A heavy tax of this kind is liahle to defeat its own object, as i!ì exen1- 
plified by numerous facts. Thu:5, in 1865, matches were imported into 
the IT nited States frolll New Brunswick, and sold in packages suitable 
for the retail trade without paying any tax under the internal-revenue 
law. 'Vhen, a fe,v years ago in England, a stamp-duty was put upon 
matches, the opposition was so violent that tbe attempt had to be 
abandoned. 
In 1872 the French Government, desiring an additional source of 
revenue, determined to extract it from their matches. They therefore 
let to a single great company the sole right of Inaking them for 
twenty years, and agreed to buy up all tbe old factories and furnish 
tbe company with new ones. In return the latter was to pay a fixed 
rent of $3,200,000 per annum. It was furthermore stipulated that the 
price of the matches should not be raised, but the company is already 
accused of treating this as a dead letter. The matches are said to be 
so bad that they will hardly light, and the pea
ants, instead of buying 
them, use a match of home-manufacture, made by steeping hemp in 
:sulphur. Great trouble and expense have been incurred by the state; 
the company has been despotic and unable to fulfill its obligations; a 
proposition has been made and rejected on the part of the Government 
to reduce the J.ent one-half; and the probabilities are, that the lease 
,vill expire before the time agreed upon. 
The extent to which the manufacture of matches is earried can be 
but faintly indicated by means of figures. The demand for thenl in 
Great Britain is, on an average, eight daily for each individual; in 
Belgium, nine per head; and, for Europe and North America, the en- 
tire average is six for every inhabitant. To meet tbis demand matches 
are produced by the million, and the waxed taper, before division into 
ßmall pieces, is measured by the mile. It is stated that one pound of 
phosphorus is sufficient for 1,000,000 matches, though the proportion 
varies greatly. In France there are consumed for this purpose 70,000 
pounds of phosphorus every year. The largest makers are in Austria, 
two of whonl use twenty tons of phosphorus per annuln, and produce 
nearly 45,000,000,000 matches. One firm in N e\V York uses annually 
700,000 feet of choice white-pine tinlber, 100,000 pounds of sulphur, 
and 150 tons of straw-board for their boxes. I.Jarge quantities are ex- 
ported from the United States to the East and West Indies China 
, , 
South America, and other countries. At the census taken here in 
1870 there were found. to be 75 establishments engaged in the busi- 
ness, and the value of the products for that year was $3,540,000. 
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THE IMPORT OF PROTOPLASM.! 


By :\IICHAEL FOSTER, :M. D., F. R. S. 
A .)IOXG the sÍI11pler organisms known to biologist
, })erhaps tIle 
nlost sinl}Jle as well as the 1110St comnlon is that which has rc- 
ceived the nalue of AnlæLa. There are many yarieties of nn1æLa, 
and probably lllany of the forn1s which have been described ure, in 
reality, nlerely aUlæbiform phalSes in the lives of certain aninutls or 
plants; but they all possess the same general characterß. Closely 
resembling the 'white corpuscles of vertebrate blood, they are whony 
or almost ,vholly composed of undifferentiated protoplaSll1, in the 
midst of ,vhich lies a nucleus, though this is SOlnetÏ1nes absent. In 
many a distinction nlay be observed between a lllore solid external 
layer, or ectosa'rc, and a more fluid granular interior, or endosarc ,,0 but 
in others even this primary differentiation is ,ranting. By Dleans of a 
continual]y occurring fiux of its protoplasmic substance, the amæba 
is enabled from Illoment to moment not only to change its form, but 
also to shift its position. By flowing round the substances which it 
meets, it, in a way, swallóws them; and, having digested and absorbed 
Euch parts as are suitable for food, ejects or rather flows away from 
the useless remnants. It thus lives, moves, eats, grows, and after a 
time dies, having been during i
s whole life hardly anything more 
than a minute lunlp of protoplasm. Hence to the pl1ysiologist it is 
of the greatest interest, 
ince in its lite the problems of physiology 
are red ueed to their simvlest forms. 
1\' o,v, the study of an anlæba, with the llelp uf kno"rledge gained 
by the examination of more complex' bodies, enablcs us to state tIIat 
the undifferentiated protoplasm, of 'which its body is 
o largely eom- 
I)osed possesses certain fundamental vital properties: 
1. IT IS CONTRACTILE.-Tbere can be little doubt that the changes 
in the protoplasm of an amæba, which bring about its peculiar" anlæ- 
boid" movements are identical in their fundanlental nature with those 
, 
which occurrinO" in a muscle , cause a contraction , . a nluscular con-' 
, ;:j 
traction is essentially a regular, an an1æboid movement an irregular 
flow of protoplasm. The body of the amæba 111ay therefore be said 
to be contractile. 
2. IT IS IRRITABLE AND AUTOMATIC,- When any disturbance, t5uch as 
contact ",,.ith a foreign body, is brought to bear on tIle amæba at rest, 
movements result. '-These are 110t passive movenlcnts, the effects of 
the push or pull of the disturbing body, and therefore l)roportionate 
to the force einployed to cause them, but actiye manifestations of tbe 
contractility of the protoplasm; tbat is to say, the disturbing cause or 
1 From the introduction to M. Foster's U Text.Book of Physiology." 
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stimulus sets free a certain amount of energy l)rcviously latent in the 
protoplasn1, and the energy set free takes on the fornl of movement. 
Any living matter which, ,vhen acted on by a stimulus, thus suffers 
an explosion of energy, is said to be "irritable. u The irritability 
may, as in the amæba, leatI to movement; but in some cases no move- 
ment follows the application of the stimulus to irritable matter, the 
energy set free by the explosion taking on some other form (heat, 
etc.) than movement. Thus a substance may be irritable and yet not 
contractile, though contractility is the most common manifestation of 
irritability. 
Tbe amæba (except in its prolonged quiescent stage) is rarely at 
rest. It is almost continually in motion. The movements cannot al- 
ways be referretI to changes in surrounding circumstances acting as 
stimu1i; in many cases the energy is set free in cOllsequence of in- 
ternal changes, and the movements which result are called sponta- 
neous or autonuttic 1 movements. 'Ve may, therefore, speak of the 
protoplasn1 of the amæba as being irritable an
 automatic. 
3. IT IS RECEPTIVE A
D ASSHIILATIVE.-Certain suLstances serv- 
ing as food are received into the body of the amæba, and, being there 
in large measure dissolved, become part and parcel of the body of the 
amæba-become, in fact, fresh protoplasm. 
4. IT IS METABOLIC AND SECRETORY.- Parl passu with the recep- 
tion of new material, there is going on an ejection of old material, for 
the increase of tl)e amæba by the addition of food is not indefinite. 
In other words, the protoplasm is continually undergoing chemical 
change (metabolism), room being made for the new protoplasm by the 
In>eaking up of the old protoplasm into products which are cast out 
of the body and got rid of. These products of metabolic action have, 
in all probability, subsidiary uses. Some of them, for instance, we 
have reason to think, are of value in the solution and prelinlÎnary 
changes of the ra\v food mechanically introduced into the body of the 
amæba; and hence are retained within the protoplasm for some little 
tin1e. t;uch products are generally spoken of as "secretions." Others, 
which pass Jnore rapidly away, are generally called" excretions." The 
distinction between the t\VO is an unimportant and frequentlyacci- 
dental one. The energy expended in the movements of the amæba is 
supplied by the chemical changes going on in the protoplasm by the 
brcaking up of bodies possessing much latent energy into bodi
s pos- 
sessing less. Thus tIle metabolic changes \vhich the food undergoes 
in passing through the protoplasm of the amæba (as distingui
hed 


1 This word has recently acquired a meaning almost exactly opposite to that which it 
originally bore, and an automatic action is now by many understood to mean nothing 
more than an action produced by some machinery or other. In this work I use it in the 
older sense, as denotin
 an action of a body, U;e causes of which appear to lie in the 
body itself. It seems preferable to "spontaneous," inasmuch fiS it does not necessarily 
carry with it th
 iùea of irregularity, anù bears no reference to a "will." 
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from the undigested stuff mechanically lodged for a while in the body) 
are of three classes: those preparatory to and culminating in the con- 
version 9f the food into protoplasm; those concerned in tl1e dis- 
charge of energy; and those tending to economize the immediate prod- 
ucts of the second class of changes by rendering them more or less 
useful for the nrst. 
5. IT IS RESPIRATORY.-Taken as a whole, the metabolic changes 
are preëminently processes of oxidation. One article of food-i. e., one 
substance taken into the body, viz., oxygen-stands apart from all 
the rest; and one product of Inetabolisnl peculiarly associated wit]} 
oxidation-viz., carbonic acid-stands also somewhat apart I from all 
the rest. Hence, the assumption of oxygen and the excretion of car- 
bonic acid, together with such of the metabolic processes as are morp 
especially oxidative, are frequently spoken of together as constituting 
the respiratory processes. 
6. IT IS REPRODUCTlvE.-The individual amæba represents a unit. 
This unit, after a longer or shorter life, having increased in size by 
the addition of new protoplasm in excess of that which it is contin- 
ually using up, may by fission (or by other mean
) resolve itself into 
two (or more) parts, each of which is capable of living as a fresh uIiit 
or indiyidual. 
- Such are the fundamental vital qualities of the protoplasm of an 
amæba; all the facts of the life of an amæba are ll1anifestations of 
these protoplasmic qualities in varied sequence and subordinatioll. 
The higher animals, we learn from n10rphological studies, are in real- 
ity groups of alnæbæ peculiarly associated together. All the physio- 
logical phenomena of the higher animals are silnilarly the results of 
these fundamental qualities of protoplasm peculiarly associated to- 
gether. The dominant principle of thi
 association is the physiologi- 
cal division of labor corresponding to the morphological diftèrentia- 
tion of structure. ",r ere a larger or " higher" animal to consist siIn- 
ply of a colony of undiffereDtiat
d amæbæ, one animal differing fronl 
another nlerely in the number of units making up the mass of its 
body, without any differences between the individ.ual units, progress 
of function would be an impos.sibility. The accumulation of units 
wonld be a hindrance to welfare rat.her than a help. Hence, in the 
evolution of living beings through past times, it has come about that 
in the higher animals (and plants) certain groups of the constituent 
amæbiform units or cells have, in company with a change in structure, 
been set apart for the manifestation of certain only of the fundamen- 
tal properties of protoplasm, to the exclusion or at least to the com- 
plete subordination of the other properties. 
These groups of cells, thus distinguished from each other, at once 
hy the differentiation of structure and by the more or less marked ex- 
clusiyeness of f;tructure, reeeive the name of "tissues." Thus, thE' 
units of one class are characterized by the exaltation of the contrac- 
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tility of their protoplasm, their automatism, metabolism, and repro- 
duction, being kept in 111arked abeyance. These units constitute the 
so-called muscular tissue. Of another tissue-viz., tbe nervous-thQ 
marked features are irritability and auton13tism, wÎth an almost com- 
plete absence of contractility and a great restriction of the other 
qualities. In a third group of units, the activity of the protoplasm ii 
largely confined to the chemical changes of secretion, contractility 
and automatisn1 (as manifested by movement) being either absent or 
existing to a very 
light degree. Such a secreting tissue, consisting 
of epitheliunl-ceUs, forms the basis of the mucous membrane of the 
alimentary canal. In the kidney, the substances secreted by the cells, 
being of no further nse, are at once ejected from the body. lIenee 
the renal tissue may be spoken of as excretory. In the epithelium- 
cells of the lungs, the protoplasm plays an altogether subordinate 
part in the assumption of oxygen and the eJi:.cretion of carbonic acid. 
Still, we may, perhaps, be permitted to speak of the pulmonaryepi- 
thelium as a respiratory tissue. 
In addition to these distinctly secretory or excretory tissues, there 
exist groups of c
l1s specially reserved for the carrying on of chemi- 
cal changes, the products of which are neither cast out of the body 
nor collected in cayities for digestive or other nses. The work of 
these cells seems to be of an intermediate character: they are engaged 
either in elaborating the material of food that it may be the more 
easily assimilat.ed, or in preparing used-up material for final excretion. 
They receive their material from the blood, and r
turn their products 
back to the blood. They m
y be called the Inetabolic tissues par eæ- 
cellence. Such are the fat-cells of adipose tissue, the hepatic ce]Js (as 
far as the work of the liver other than the secretion of bile is con- 
cCI'ned), and, in general, the blood. 
Each of the various units retains, to a greater or less degree, the 
power of reproducing itself, and the tissues generally are capable of 
regeneration in kind. But neither units nor tissues can reproduce 
other p3rts of the organism than themselves, much less the entire 
organism. For the reproduction of the complex individual, certain 
units are set apart in the form of ovary and testis. In these, all the 
properties of protoplasm are distinctly 
ubordinated to the work of 
gro'wth. 
Lastly, thpre are certain groups of units-certain tissues which are 
of use in the body of which they form a part, not by ['eason of their 
lnanifesting any of the fundamental qualities of protoplasm, but on 
account of the physical and mechanical properties of certain sub- 
stancèS which their protoplasm has been able, by virtue of its metab- 
olism, to manufacture and to deposit. Such tissues are bone, carti- 
lage, connective tissue in large part, and the greater portion of the 
skin. 
'Ve may, therefore, consider the complex body of a higher animal 
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as a compound of so many tissues, each tis&ue corresponding to one 
of the fundamental qualities of protoplasnl, to, the developlnent of 
,vhich it.is !Specially devoted by the division of labor. It 11lUst, ho,v- 
ever, be remembered, that there is a distinct lin1Ït to the division of 
labor. In each and every tissue, in addition to its leading quality, 
there are more or less })ronounced rcnlnants of all the other proto- 
plasmic qualities. "rhus, though we may call one tissue jJar excellence 
nletabolic, all the tissues are, to a greater or less extent, metabolic. 
The energy of each, whatever be its particular lnode, has its source 
in the breaking up of the protoplasm. Chemical changes, including 
the assunlption of oxygen and the production, complete or partial, of 
carbonic acid, and therefore also entailing a certain anlount of se- 
cretion and excretion, must take place in each and every tissue. And 
so with all the other fundamental properties of protoplasm; even con- 
tractility, \vhich, for obvious Inechanical reasons, is soonest reduced 
,vhere not wanted, is present in Jl1any other tissues besides muscle
 
And it need hardly be said that each tissue retains the power of as- 
similation. However thoroughly the Inaterial of food be prepared by 
digestion and subsequent metabolic action, the last stages of its con- 
version into living protoplaS111 are effected directly and alone by the 
tissue of ,vhich it is about to fornl a part. . 
Bearing this qualification in mind, ,ve may draw up a physiologi- 
cal classification of the body into the'following fundamental tissues: 
1. The eminently contractile: the muscles. 
2. The elninently irritable and automatic: the nervous systenl. 
3. The eminently secretory or excretory: digestive, urinary, and 
pulmonary, etc" epithe1iuuI. 
4. The eminently metaholic: fat-cell:;;, hepatic cells, lym})hatic and 
tluctless glands. 
5. The reproductive: ovary, testis. 
ß. r.rhe indifferent or mechanical: cartilage, bone, etc. 
All these separate tissues, .with their individual characters, are, 
however, but parts of Qne body; and in order that they may be true 
members working harmoniously for the good of the whole, and not 
isolated masses, each serving its 01vn ends only, they J)eecl to be bound 
together by coördinating bonds. Some means of communication must 
necessarily exist 1)etween them. In the lTIobile, homogeneous body of 
the alnæba, no special means of comnu
nication are required. SiInplc 
diffusion is sufficient to make tbe material gainerl by one part COUlmon 
to the whole mass, and the native protoplasm is physiologically con- 
tinuous, so that an eX}Jlosion set up at anyone point is immediately 
})ropagated throughout the \vhole irritable substance. In tIle higller 
anilnals the several tissues are separated hy distances far too great 
for the slow process of diffusion to serve as a 8uffieient means of com- 
munication, and their prinlary physiological continuity is broken by 
their being inlbedded in masses of formcù material, the product of 
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the indifferent tissues, which, being devoi<1 of irritability, preßent an 
effectual barrier to the propagation of nlolecular explosions. It thus 
becomes necessary that, in the increasing cOluplexity of animal forms, 
the prûcess of differentiation should be accompanied by a correspond- 
ing integration, that the i
olated tissues should be made a ,vhole by 
bonds uniting them together. These bonds, moreover, must be of two 
kinds. 
In the first place, there must be a real1y and rapid di::;trihution ana 
interchange of nlaterial. The contractile tissues mnst be abundantly 
supplied with material best adapted by previous elaboration for direct 
assinlilation, and the waste products arising from their activity must 
be at once carried a,vay to the metabolic or excretory tissues. And 
so with all the other tissues. There must be a free and speedy inter- 
course of material between each and all. This is at once and most 
easily effected by the regular circulation of a common fluid, the blood, 
into w'hich all the elaborated food is discharged, froln which each tissue 
seeks what it needs, and to ,vhich eaeh returns. that for which it has 
no longer any use. Such a circulation of fluid being in large measure 
a mechanical matter, needs a machinery, and calls forth an expendi- 
ture of energy. The machinery is supplied by a special construction 
of the primary tissues, and the energy is arranged for by the presence 
alnong these of contractile and irritable matter. Thus, to the funda- 
nlental tissues there is added, in the higher animals, a vascular bond 
in. the shape of a nlechanism of circulation. 
In the second place, no less ilupòrtant than the interchange of 
]naterial is the interchange of energy. In the amæba, the irritable 
surface is physiologically continuous with the more internal proto- 
plasm, while each and every part of the body has autonlatic po"rers. 
In the higher animals portions only of the skin remain as eminently 
irritable or sensitive structures, while automatic actions are chiefly 
confined to a central mass of irritable or nervous matter. Both forms 
of irritable matter are separated by long tracts of indifferent mate- 
rial from those contractile tissues through which they chiefly manifest 
the changes going on in themselves. lIenee the necessity for long 
straÚds of en1Ïnently irritable tissue to connect the skin and contrac- 
tile tissues, as ,yell with each other as with the automatic centres. 
Similar strands are also needed, though perhaps less urgently, to con- 
nect the other tissues with these and with each other. To the vascu- 
lar bond there must be added an irritable bond, along the strands of 
which impulses, set up 'by changes in one or another part, may travel 
in determinate courses for the regulation of the energy of distant 
spots. In other words, part of the irrit.able tissues must be specially 
arranged to form a coördinating nervous systenl. 
ßtill further complications have yet to be considered. In the life 
of a minute homogeneous amæba, possessing no special form or struct- 
ure, there is little scope for purely mechanical operations. As, ho".- 
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ever, we trace out the gradual development of the more complex ani- 
mal forms, we see coming forward into greater and greater prominence 
tbe arrangement of tbe tissues in definite ways to secure mechanical 
ends. Thus the entire body acquh'es particular shapes, and parts of 
the body are built up into mechanisms, the actions of which are to the 
advantage of the individual. Into the composition of these mechan- 
isms, or " organs," the active, fundamental tissues, as well as the pas- 
sive or indifferent tissues, enter; 
\nd the working of each mechanism, 
the fUllction of each organ is dependent partly on the mechanical con- 
ditions offered by the passive elements, partly on the activity of the 
active elements. The vascular mechanism, of which ,,"e have just 
spoken, is such a mechanism. Similarly, the urgent necessity for the 
access of oxygen to all parts of tbe body has given rise to a compli- 
cated respiratory mechanism; and the needs of copious a1imenta- 
tion, to an alimentary or digestive mechanism. 
Furtber, inasmuch as muscular movement is one of the chief ends, 
or the most important means to the chief ends of animal life, we find 
the animal body abounding in motor mechanisms, in 'which the prime 
mover is muscular contraction, 'while the machinery is supplied by 
complicated arrangempnts of muscles with such indifferent tissues as 
bone, cartilage, and tendon. In fact, the greater pal't of the animal 
body is a collection of muscular machines, some serving for locomo- 
tion, others for special manæuvres of particular members and parts, 
others as an assistance to the senses, and yet others for the produc- 
tion of voice, and, in man, of speech. 
Lastly, the simple automatism of the amæba, \vith its simple re- 
sponses to external stimuli, is replaced in tbe highpr animals by an 
exceedingly complex volition, affected in multitudinous ways by in- 
fluences from the 'world witllout; and tllere is a correspondingly com- 
plex central nervous Rystem. And here we meet with a new forln of 
differentiation unknown elsewhere. While the contractility of the 
amæbal protoplasm differs at the nlost but slightly from the contrac- 
tility of the vertebrate striated muscle, there is an enormous differ- 
ence between the simple irrita1?ilityof the amæba and the complex 
action of the vertebrate ner\.ous system. Excepting the nervous or 
irritable tissues, the fundamental tissues have in all animals e1:actly 
the same properties, being, it is true, more acute and perfect in one 
than in another, but remaining fundamentally the same. 'The ele- 
mentary muscular fibre of a mammal is at most a mass of but slightly 
differentiated protoplasm, forming a whole physiologically continuous, 
and in no way constituting a mechanism. Each fibre is a counterpart 
of an others; and the muscle of one animal differs from that of anoth- 
er in such particulars only as are 'wholly subordinate. In the nervous 
tissues of the higher animal, on the contrary, we find properties un- 
known to those of the 10WQr ones; and, in proportion as .we ascend 
the scale, we observe an increasing differentiation of the nervous 8YS- 
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tern into unlike parts. Thus we have ,vhat does not exist in any other 
tissue-a Inechanisnl of nervous tissue itself, a central nervous mechan- 
isn) of complex structure and complex function, the complexity of 
\vhiúh is due not prinuLrily to any mechanical arrangement of its parts, 
but to the further differentiation of that fundamental quality of irrita- 
bility and spontaneity which belongs to aU irritable tissues and to all 
nat.ive protoplasm. 
In the follo\ving pages I propose to consider the facts of physi- 
ology very n1uch according to the vie,vs ,vhich have been just sketched 
out. The fundamental properties of most of the elementary tissues 
will first be reviewed, and then the various special mechanisms. It 
will be found convenient to introduce early the account of the vascu- 
lar mechanism, and of its nervous, coördinating mechanism, while the 
mechanisIn
 of respiration and alimentation will be best considered 
in connection \\rith the respiratory and secretory tissues. The descrip- 
tion of the purely motor mechanisn1s will be brief, and, save in a few 
instances, confined to a statement of general pr.inciples. The special 
functions of the central nervous system
 including the senses, must of 
necessity be considered by themselves. The tissues and mechanism 
of reproduction naturally fornl the subject of the closing chapter. 


... 


TILE ELEOTRIC CANDLE.! 


By ALFRED NIAUDET. 


P lTBLI
 atte
tio
 has been directed to J abloshkoff's system of 
electrIcal lIghtIng by the use that has been made of it at the 
Magasins du Louvre, in illun1inating a hall recently opened. During 
the past year this invention was brought under the notice of the pub- 
lic by a comulunication addressed to the Paris Academy of Sciences, 
and by an experiruent made before the Physical Society. The readers 
of L
 Na
'llre are acquainted with the usual methods of producing 
el
ctrrcal. lIght, and we here again explain their general principles, 
with a VIew to render 11lore intelligible the cOlllparisons .we propose 
to make. 
Two. carbo
-points, borne on suitable metal1ic supports, are ar- 
ranged In one hne, ,vith their tips in contact. An electric current of 
high intensity is made to pass into then1; they may become beatel1, 
h
t they will not give out light unless they be separated by a little 
chstance froin each other. On separatinO' them b y the hand or ot her- 
. I 0 , 

ISC, t Ie :oltaic ar.c appears and gives out a very strong light. This 
lIght persIst
, provIded the carbons are a few millin1(
tres a p art. but 
, , 
1 Translated from the French by J. Fitzgerald, Á. M. 
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as the cat'bons waste away, the distance between their tips becomes 
greater, the voltaic arc is lengthened, and soon the light goes out, 
unless the points are again brought near to each other. Hence it is 
seen that this rudimentary appa!atus cannot support the electric light 
for over a few Ininutes, and some contrivance had to be devised for 
approxirnating the carbons in proportion as they waste away, and for 
keeping them a very small distance apart. This is done in the lamps 
devised by Serrin, Foucault, and others. 
'Vhen the source of electricity is a pile or a magneto-electric ma- 
chine with continuous currents, like Gramme's machine, a new difficulty 
is met with; for here the two carbons are consumed unequally, the 
positive one ,vasting about twice as fast as the negative. On the ot}1er 
hand, machines with alternately reversed currents present this peculi- 
arity, that in them the waste of the two carbons is equal. 
To whatever grade of perfection such lamps 1uay have attained, 
they undoubtedly labor under sundry disadvantages. Their n1echan- 
ism is delicate, and necessitates very great care on the part of those 
,vho operate them. It is not very easy to regulate them. Their main 
bulk, being situated beneath the luminous point, casts an objectionable 
shadow. As usually constructed, their size is SUell that they cannot 
,vork oyer three hours without having fresh carbons put in, and this 
renewal of the carbons necessitates either a temporary interruption of 
the lighting or else the keeping of an extra machine, which involves 
an increased outlay of money. Finally, the price of such machines is 
pretty high, and can hardly })e reduced. 
rrhe very great progress made during the last few years in the 
construction of magneto-electric machines has made more evident the 
imperfections of the regulating app'aratus. 
Such was the condition of things ,yhen a Russian engineer, 1\1. 
J abloshkoff, succeedecl in dispensing altogether with the mechanism 
of electrical lamps. Let us see how this lucky inventor has suc- 
ceedell in overcoming the difficulties t}lat successively arose before 
him. 
First of all ]1e sets out with the idea tlJat the carbons HUlst be 
, . 
placecl side by side, so as to consume thenl sinlultaneously without 
having continually to regulate their respective position's, just as in 
stearine-candles the wick is consumed in proportion to the consump- 
tion of stearine. The first rcquisitH is, that the voltaic arc f-hall be 
l)roduced only at the tips of the carhons. For this purpose it is suf- 
ficient to place between the two carbons a strip of glass, kaolin, or 
any other in
ulating substance, sonlewhat wider than the carbons, 
and not reaching to their tips. It might be 
npposed that tlJÏs in- 
sulating substance, while separating the t".o carbons, "\\.ould soon 
form an impassable barrier between the one and the other, and ex- 
t.inguish the voltaic arc by requiring it to make too great. a Sp3
. 
But such is not the case' the hiO'h ten1 p eratnre of the voltaIc arc IS 
, ö 
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sufficient to melt and even to vaporize glass or kaolin, and thus the 
insulating septum bet\veen the carhons "wears away simultaneously 
with them. . 
If the source of electricity gives con- 
stant currents, then, inasmuch as the car- 
bons wear unequally, one wasting more 
rapidly than the othe"r, the distance be- 
t ween t.he points ",-ill become too great, 
and the light will be extinguished. To 
overcome this difficulty, woe bave only to 
make the carbon that burns most rapidly 
twice as thick as the other. 
It is true that hitherto the electric 
candle has worked hetter with magneto- 
electric machines giving alternating cur- 
rents, than with piles or Gramme ma- 
chines; in the former case the carbons 
wear away eq
ally, and are of the same 
thickness. 
To cOlliplete the description of J ab- 
loshkoff's apparatus, we have to add that 
each carbon is socketed in a brass tube, 
connected with a wire coming from the 
souroe of electricity. These two tubes 
are attached to each other in various 
ways, according to the applications had 
in vie,v; the one essential precaution is, 
to take care that they do not COllie into 
contact with each other. 
The name canelle has been very hap- 
pily appliecl to this simple apparatus; 
it is, indeed, a caudle with t \Yo wicks 
burning side by side, and which lower 
their luminous point as combustion goes 
on. One interesting peculiarity it pos- 
sesses, namely, that tbe luminous point 
can be turned do"rnward, só that there 
is nothing to thro\v a 
hadow. Its light 
nlay be n10dified by the use of opal or 
ground-glass shades. 
II ow THE CANDLE IS LIGHTED.-One 
of the principal 
c1 vantages of Serrin's 
lamp is, that it 'can be lighted fron1 a 
distance. The lamp is made ready, say, 
in the morning, and, when night comes, 
all that is reqüired is to admit the elec- 
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tric current, and light is instantaneously produced. At first J ablosh- 
koff lighted his candle directly by supporting on the tips of the two 
wicks a' piece of charcoal which" he soon afterward removed; thUl
 
the voltaic arc ,vas produced as in electric hunps, by beginning with 
contact, and then placing th. two carbons at the required distance 
from each other. But it ,vas necessary to devise some method for 
lighting the candle from a distance, and this fresh difficulty 1\1. 
J abloshkoff has o"ercome by a very simple device. He places be- 
tween the two carbons a little bit of graphite, of the dianH
ter used 
in lead-pencils; this acts as a conductor between the two wieks of the 
candle. On the current entering it, the bit of graphite soon becomt:'s 
red-hot, and is burned up; there is then a break of continuity be- 
t'ween the ,vicks, and the electric arc is produced. Instead of graphite, 
a fine metallic ,vire, or a bit of lead, can be used. 
RELIGHTING.-As we have stated, the insulating strip bet,,-een the 
,vicks is fused at the points near the voltaic arc, and so disappears 
gradually in proportion to the ,,'aste of the carbon-points. But this 
fusion of the insulator is attended with another consequence that but 
few of our readers ,vould have anticipated. That which in its solid 
state is an insulator becomes in its liquid state a conductor, and allows 
of a longer span of the electric arc than could be had in the free air. 
Owing to this conductivity of the strip of kaolin, the circuit may l1e 
opened for a mOlnent and the candle lighted again without any need 
of resorting to any of the contrivances already described under the 
head of" Lighting." But after a 'certain length of time, as the sub- 
stance cools, it loses its conductivity, and then the candle cannot be 
relighted by simply closin'g the circuit again. ,-V c may extinguish 
the candle for nearly two seconds, and relight it by simply closing the 
circuit. lIenee the electric candle may be used for transmitting tele- 
graphic signals according to the l\Iorse alphabet, by means of flashes 
of greater or less duration, divided by longer or shorter periods of 
eclipse. For such use the candle is better adapted than the electric 
lamp, as it is more readily relighted, producing at onC'e a perfect vol- 
taic arc, whereas in the lamp the arc is produced gradually. 
DrYISIoN OF TIlE LIGHT.-Hitherto a separate pile, or a. 
eparate 
machine, has been necessary for the production of each electric light, 
and it has been found impo
sible to place two lamps in one circuit. 
This Ìs readily understood when ,ve consider the mechanislll of the 
regulating apparatus. In electric lamps the approximation and the 
separating of the carbons are controlled by an electro-magnC't, which 
itself follows the variations of resj
tance in the circ,uit produced by 
changes in the length of the voltaic ar('. As the arc lengtl1ens the re- 
sistance of the circuit iR increased, ana the electro-magnet is ,veakened, 
and allows the carbons to approximate. It is easily understood that 
if tHere are two lamps ana two voltaic arC3 in one circuit, and if only 
one of these' arcs is l
ngthened, both electro-magnets "rill act and 
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shorten the two voltaic arcs. The eOlJsequence is, that the second 
lanlp \vill have its proper working interfered \vith, while the first alone 
shoulll have been refJ'ulated. In other \vorùs, the solidarity of the two 

 . 
appara.tu::;es 'will tend to produce in each unnecessary changes of regu- 
lation that ,,"ill constantly result in causing tbe system of htnlps to 
,vork badl,yo. But with the candle there is nothing of this kind, and, 
provided that the soÜrce of electricity possesses sufficient tension 
to produce the voltaic arcs, many may'stand in the sanle circuit. In 
the 
lagasius au Louvre ,ve haye seen in sonle instances four lights, 
in others three, produced by a single nlachine. The sequel will sho\v 
whether we can reasonably expect to s
e even a greatl>r division of 
the electric light, and whether this invention may not have still fur- 
ther applications.-La Nature. 


... 


TIlE STATUS OF WO
IE
 AND CIlILDREX. 


By HERBERT SPE
CER. 


I. 
P ERH..A,PS in no way is the moral progress of mankinà more 
clearly shown than by contrasting the position of wonlen 
among savages with their position among the most advanced of the 
civilizcc1: :::.t the one extreme a treatment of them cruel to the ut- 
most degree bearable; and at the other 
xtreme a treatment ,yhich, 
in certain directions, gives thcm precedence over nlen. 
The only lilnit to the brutality \vornen are subjected to by men 
of the lowest races is the inability to live and propagate under 
greater. Clearly, ill-usage, under-feeding, and overworking, may be 
pushed to 311 extent \vhich, if not immediately fatal to the women, in- 
capacitates them for rearing children enough to lnaintain the popu- 
lation; and disappearance of the society follow's. Both dircctly and 
indirectly such excess of harshness disables a tribe froin holding its 
own against other tribes; since, besides greatly augmenting the mor
 
tality of children, it causes inadequate nutrition, and therefore imper
 
fect deveiopinent, of those which survive. But, short of this, there is 
at first no check to the tyranny which the stronger sex exercises over 
the weaker. 
tolen f)'om another tribe, and perhaps made insensible 
, by a blow that sbe may not resist; not simply beaten, but speared 
ahout the lilnbs, ,vhen she displeases her savage owner; forced to do 
all the drntl
ery antI bear aU the burdens, while she has to catoe for 
and carry about her children; and feeding on 'what is left after the 
nlan has <lone: the ,voman's snfferincrs are carried as far as consists 
o 
with survival of herself and her otf.
pl'ing. 
It seeins not inlprobable that, by its actions and reactions, this 
VOL. XI.-28 
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treatment makes these relations of the sexes difficult to change; since 
chrol1Ïc ill-usage produces physical inferiority, and physical inferiority 
tends to' exclude those feelings which might check in-usage. Very 
generally among the lo'wer races the females are even 1nore unattrac- 
tive in aspect than the males. It is remarked of the Pllttooahs, whose 
nlen are diminutive and "Those ,yomcn are still more so, that" tIle 
ll1en are far from being handsome, but the l)alm of ugliness must be 
awarded to the \\yomeu. rIhe latter are hard-worked and apparently 
ill-feel" Again, of the inhabitants of the Corea,. Gutzlaff says: "The 
feluales are very ugly, while the male sex is one of the best formed of 
Asia . . . . women are treated like beasts of burden; 'wives may be 
divorced under the slightest pretense." And for the kindred contrast 
habitually found, a kindred cause may habitually be assign(\d; thp 
antithetical ca
es furnished by such uncivilized peoples as the Cal- 
lllucks and Kirghiz, "Those women, less hardly u
ed, are 1>ette1' look- 
ing, yiehling additional evidence. 
'Ve must not, however, conclude, as at first sight seems proper, 
that this lo\v status of women among the rudest peoples is caused by 
a callous selfisbness existing in the males and not equally present in 
the females. ""'hen 'we learn that where torture of enemies is the 
custonl, the women outdo tbe men-\vhen we read of the cruelties 
perpetrated by the t"TO female Dyak chiefs described by Rajah 
Brooke, or of the horrible deeds 'which 'Yinwood Reade narrates of a 
bloodthirsty .African queen-we are shown that it is not lack of win 
but lack of power which prevents prilnitive women from displaying 
natures equally brutal with those of primitive men. A sayageness 
common to the t\VO necessarily ,yorks out the results \ve see under 
the conditions. Let us look at these results more closely. 
Certain anomalies 111ay first he llo.ticed. Even among the rudest 
men, "Those ordinary behavior to their ,,?omen is of the \vorst, pre- 
dominance of women is not unkno\vn. Sno\v says of the Fuegians 
that he has" seen one of the oldest women exercising authority over 
the rest of her people; " and l\Iitchell says of the Australians that old 
nlen and even old \vom
n exercise great authority. Then we ]lave 
the .fact tlw,t anlong various peoples 'who hold their women in de- 
graded positions, there nevertheless occur female rulers'; as among 
the Batta people in Sunlatra, as in l\IadiÏgascar, and a
 in the above- 
narnell African kingdonl. Possibly this anomaly results from the 
system of descent in the female line. - For though, under that system, 
property and power usually devolve upon a sister's male children, 
yet as, occasionally, there is only one sister, and she has no male chil- 
dren, the elevation of a daughter may sometimes result. Eyen as I 
'write, I find, on looking into the evidence, a significant example. 
DescribinO' the Haidahs of the Pacific States , Bancroft sayr-:: " Among 
o . 
nearly all of t}lem rank is nonlinally hereditary, for the 1110st part by 
the female line. . . . Females often l)ossess the right of chieftainship." 
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But leaving these exceptional facts, and looking at the avcrage 
facts, w'e find these to be just such as the greater strength of nH
n 
nlust l )l'ot1uce durino- stao-es in which the race has not Y et .acquired 
, ö 
 
the higher sentimcnts. X umerous ex
1tllples, already cited, sho,v that 
at first ,vomen are regarded by men sinlply as propcrty, and continue 
to be . so regarded through several later stages: they are valued as 
donlcstic cattle. A Chippewayall chief saiel to IIearne: 


" Women were made for labor; one of them can carry, or baul, as much as 
two men can ùo. They also pitch our tents, make and mend our clothing, keep 
us warm at night; and, in fact, there is no such thing as traveling any consid- 
erable distance, in this country, without their assistance." 


And this is the conception usual not only among peoples so low as 
these, but among peoples considerably advanced. To repeat an illus- 
tration quoted froll1 Barro\v, the woman" is her husband's ox, as a 
Cafti'c once saia to me-she has been bought, he argueù, and must 
therefore labor;" and to the like effect is Shooter's statenlent that a 
Caffre ,vho kills his wife "can defend himself by saying, 'I have 
bouo-ht her once for all.' " 
ö 
As implied in such a defense, the obtainment of wives by abduc- 
tion or by purchase maintains this relation of the sexes. A woman of 
a conquered tribe, not killed but brought back alive, is naturally re- 
ganled as an absolute possession; as is also one for whom a price 
has been paid. Commenting on the position of women among the 
Chibchas, Simon writes, " I think the fact that tbe Indians treat their 
wives so badly and like slaves is to be exphlil1ed by their having 
bought them." Fully to express the truth, ho,vever, we must rather 
say that the state of things, moral and socia1, inlplied by the traffic 
in ,vomen, is the original cause; since the ,vill and 'welfare of a 
daughter are as luuch disregarded by the father who sells her as by 
the husband 'vho buys her. The account.s of these transactions, in 
,,,-hatever society occurring, show this. Describing the sale of bis 
daughter by a l\Ian<..1an, Catlin says it is "conducted on his part as a 
mercenary contract entirely, .where he stands out for the highest price 
he can possibly conlnland for her." Of the ancient Yucatanese .we 
reaù tha.t "if a wife hat! no children, the husband might sell her, 
unless her father agreed to return tbe price 11e haù paid." In. East 
Africa, a girl's" father denlnnds for her as 111any CO\VS, cloths, ana 
brass-wire bracelets, as the suitor can afford. . . . The husbalH.l1nay 
sell his ,vife, or, if she be taken from him by another nlan, he claims 
her value, which is ruled by what she would fetch in the slave- 
nlarket." Otcourse, where ,vonlen are exchangeable for oxen or other 
beasts, they arc regarded as equally \vithout personal rights. 
The degradation they are subject to during phases of hnnla
 evo- 
lution in which egoism is unchecked by altruism, is, however
 most 
vividly shown by tbe transfer of a deceased man's .wives to his rela- 
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tives along with other property. Sundry examples of t}lis have been 
gi\?en; and 111any others 111igllt be added. Smith says of the l\Iapu- 
chès that" a widow by the death of her husband becolnes her own 
mistress, unless he may have left grown-up sons by another wife, in 
'which case she becomes their common concubine, being regarded as a 
chattel naturally belonging to the heirs of the estate." 
Thus recognizing the truth that as long as wonl('n continuc to be 
stolen or l}ought, their human individualities are ignored, let us ob- 
serve the di vision of lahor that results between tI1C sexes; determined 
partly by this unqualified despotism of nlen and partly by the linlÍta- 
tions which certain incapacities of wonlen entail. 


The slave-class in a primitive society consists of the ',,"omen; and 
the earliest division of labor is that which arises between then1 and 
their masters. For a long time no other division of labor exists. Of 
course nothing more is to be expected al110ng such low, \vnndering 
. groups as Tasnlanians, Australians, Fuegians, Andamane
e, Bushnlcn. 
X or do "we find any ad vance in this respect made by the higIler hunt- 
ing races, such as the Comanches, Chippewas, Dakotas, etc. 
Of the occupations thus divided, the males put upon the feluales 
,vhatever these are not disabled fronl doing by inadequate strength, 
or agility, or ski}]. 'Vhile tbe men among the now-extinct Tasrna- 
nians added to the food only that furnished by the kangaroos they 
chased, the 'yom
n clinlbed trees for OpOSSUIllS, dug up roots ",
ith 
sticks, groped for shell-fish, dived for oysters, and fished, in addition 
to looking after their cllildren; and there no\v exists a kindred appor- 
tionnlent among tIle Fuegians, Anclalnanese, Australians. \Yhere the 
food consi
ts ,,?holly or nlainly of the greater maInmals, tl1e filen catch 
and the wonlen carry. 'Ve read of the Chippewas that "when tIle 
men kill any large beast, the wonlen are always sent to Lring it to the 
tent;" of the Comanches, that the women "often accompany their 
husbands in hunting-be ki]]s the game, they butcher and trfllJf':port 
the meat, dres
 the skins, etc.;" of the Esquinutux, 1 hat wben the 
man has" brought his booty to land, he troubles binlself no further 
ahout it; for it would be a stigma on his character, if be so much as 
clrew a seal out of the water." Though, in these caf':cs, an excuse 
made is that the exhaustion cau
ed by tlle chase is great, yet, "Then 
we read tbat the Esquimaux ,vomen,.excepting the woodwork, "build 
the houses an(l tents, and though thr'y }lave to carry stones almost 
heayy enough to break their backs, the nl
n look 011 .with the greatest 
insen
ibility, not stirring a finge.r to assist them," we cannot acce}Jt 
the excu
e as adequate. Further, it is the custonl ,vith these low 
races, nomadic or semi-nomadic in their habits, to give the f
males the 
task of trnnsporting the baggage. A Tasnlanian "\\0111an oft<:n had 
piled on all the other buròens she carriec1 ,,-hen tramping, "sundry 
spears and \\7f1cldies not required for present service;" and tbe like 
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happens ,vith races considcra11y higher, l)oth sen1Ï-agricultural and 
pastoral. A Daluara's wife" carries his things ,vhen he Illoves frorH 
place to place." "'""hen the Tupis uligrate, all the househohl stock is 
taken to tile new abode by the females: "The husbanù only took his 
,veapons, and the ,,-ife," saYR l\larcgraft
 "is loaded like a mule." 
Siluilarly, enulllerating the lal)ors of wives among the aborigines of 
South Brazil, ::3pix anJ 
Iartins say, "They arc also the beasts of bur- 
den;" anù in like manner Duhrizhoffèr writes, "The luggage being 
all cOlllmitted to the women, the .A.bipones travel ::trnled .with a spear 
alone, that they may be disengaged to fight or bunt, if occasion re- 
quire
." Douùtless the reason indicated in the last extract is a par- 
tial defense for this practice, so general ,,'ith savages when traveling; 
since, liable as they are to be at any m01l1ent surprised by anlbushed 
enen1Ïes, fatal results ,,
ould Lappen ,vere the men not ready to fight 011 
the instant. And possibly knowledge of this may join the force of cus- 
tom ill making the WOOlen thcll1selves uphold the practice, as they do. 
On ascending to societies partially or whoI1y 
ettled, 
lnd a little 
lllore complex, "re begin to fìntl considerable diversities in the division 
of labor bet,veen the sexcs. Usually the tHen are the builders, but not 
always: the "
onlen erect the huts arnong the Bechuanas, Caflh:s, 
Dalnaras, as al
o do the 'VOluen of the Outanatas, X e"w Guinea; and 
sonletimes it is the t
sk of "WOnlen to cut do,nl trees, though nearly 
ahvays this busincss falls to the men. Anolllalous as it seenls, we are 
told of the Coroa<1os that" the cooking of the (1iuner, as well as keep- 
ing in the fire, is the busiuéss of the men;" and the like happens in 
S:ulloa: "The duties of cooking devolve on the men "-not excepting 
the.. chiefs. :L\Iostly aillong the uncivilized anel serui-civilized, trading 
is done by the men, but not always. In Java, according to RafHes, 
" the "rorllcn alone attend the markets and conduct aU the business of 
l)uying and selling." So, too, according to Astley, in Angola the 
'VOlncn " huy, sell, awl do aU other things which the nlcn do in other 
coulltrie
, while their hu:,:bands stay at home, and elnploy themselves 
in spiunillg, ,,-eaying cotton, ana such like effeminate business." In 
ancient Peru there ,vas a like division: men did the spinning and 
weaving, 
lnd wonlen the field-work. Again, according to Bruce, in 
Abyssinia " it is infamy for a lnan to go to nlark(
t to buy anything.. 
1-Ie cannot carry water or hake ùre:1d; but he nlllst 'vash tbe c,lothes 
belonging to both sexes, and, in this function, the 'Y01llen cannot help 
h iIn." .A.lHl Petherick says that :1Jnono- the Arabs" the fenlales re } )u- 
.. 
 
diate needlc'vork entirel)T, the little they require being performed by 
thei l' husbands anrl brothers." 
F.'Olll a general 
urvey of the facts, multitnclinous fU1t1 heterogene- 
ou
, thus hriefly inùicated, the only definite concluf'ion 
lppears to be 
that 1I1en JllOllOpolize the occupations requiring both 
trengt hand 
agility always a,'ailahlc-,\rar ana the chase. Leaving undisrussed 
the relative fitness of "rOlncn at other times for fighting eneruies and 
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pursuing wild animals, it is clear that during the child-1)earin"g perioù 
their ability to do either of these things is so far interfered 'with, both 
by pregnancy and by the suckling of infants, that they are practically 
excluded from thenl. Though the Daholnans, -,,
ith their anny of 
amazons, sho\v us that ,VOlnen nlay 1)c ,,'arriors, yet the instance 
!)roves that women can becolne warriors only by being practically un- 
sexed; for, non1inally wives of the king, they are celibate, and any 
unchastity is fata1. But omitting tho
e activities for which women 
are, during large parts of their li,'es, physically incapacitated, or into 
'which they canllot enter in considerable IHIU} bel's ,yithout fatally 
diminishing population, we cannot define the division of labor 1)et\\"cen 
the sexes, further than by saying that, before civiJization begins, the 
stronger sex forces the ,veaker to do all the drudgery; and tLat along 
with social advance the apportionment, some,,
hat 111itigatet1 in char- 
acter, becomes variously specialized under varying conditions. 
As bearing on the causes of tbe n1Ïtigation, presently to 1)e dealt 
'with, ,,"e may here note that wonlcn are better treated ,vhere circum- 
stances le:1(.l to likeness of occupations between the sexes. SchoolcJ'aft 
remarks of the Cllippewayans that" they are not remarkable for their 
activity as hunters, \vhicb is owing to the ease ,vith which they snare 
deer and spear fish, and. these occupations are not beyond the strength 
of tbeir old men, ,vomen, and boys;" and then he also says that 
"though the ,vomen are as much in the power of the men as othel' 
articles of their property, they are always consulted, and possess a 
very considerable influen
e in the traffic with Europeans, and other 
inlportant concerns." ',e read, too, in Le,vis and Clarke, that" an1011g' 
the Clatsops and Chinnooks, ,,,ho live upon fish and roots, ,vllich the 
'women are equally expert with the nleu ill prú('uring, the-former have 
a rank and influence very rarely found anlong Indians. TIlC females 
are permitted to speak freely before the men, to ,,-horn, indeed, they 
sometinH:s address themsehTcs in a tone of authority." Then, again, 
Bancroft tells us that" in the province of CueLa ,vomen accolnpany 
the men, fighting 1)y tl}eir side'and sometimes even leading the vrrn; " 
an(l of this saIne people he also quotes 'Vafer as saying that" their 
husl)and
 nre very kind and loving to thenl. I neyer kl
e"? an Indian 
to beat his wife, or give 11er any hard "yords." A kindred mpaning ap- 
pears traecable in a fact supplied by the Dahonulns, among whom, 
sanguinary and utterly unfeeling as they are, the partieipation of 
women with men in war goes along wit h a social status much higher 
than u
ual; for Burton tens us that in Dahomey" the ""oman is offi- 
cially superior, but under other conditions she stiJl suffers from lllale 
arrogance." 
A probable further cause of improvement in the treatment of 
women may here he noted: I refer to the oùtaining of 'wives hy ser- 
vices renàereù, instead of by propf'rty prrid. Tlw practice \\"hich IIë- 
brew tradiÜon acquaints us "Tith in the case of Jacoh, proves to be 3 
t 
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"widely-d
ffllsea practice. It is general with the Bhils, GOIH.1s, and 
IIill-tribes of N epaul; it obtained in Java before 1\10halllnledallisl11 
,vas ill trod Heed; it was COIllnlon in ancient Peru ana Central .1-\mCl'i- 
ca. anJ aUlOllO" sundr y existino" AUlerican raeCB it still occnrs. Ob,'i- 
, 0 0 
ously, a wife long labored for is likely to be 1110re valuell than Olle 
stolen or bought. Obviously, too, the period of service, during ,,-hich 
tl)e betrothed girl is looked upon as a future spouse, affords room for 
the O'rowth of some feelinO' hiO"her than the merel y instinctive-initi- 
ö 0 0 
ates something approaching to the courtship and engagcnlcnt of civil- 
ized peoples. But the facts chiefly to be noted are-I. That this 
modification, practicable ,,
ith difficulty among the rudest predatòry 
tribes, becomes gradually more practicable as there arise established 
industries affording spheres in ,vhich services may be rendered; and, 
2. That it is the poorer members of the cOIDIllunity, occupied in labor 
and unable to buy their ,vives, among ,vholn the substitution of ser- 
vice for purchase 'will most prevail; the implication being that this 
hio-her form of nlarriaO"e into which the industrial class i
 led, develo l )s 
o 0 
along ,vith the industrial type. 
And now ,ve are introduced to the general q nestion, "'Vhat con- 
nection is t here between tbe status of "rOinen and the type of social 
organization? " 


A partial ans"
er to this question was reached ,,,hen ,ve concluded 
tl)at tl1ere are natural associations between n1Ïlit, ncy and polygyny, 
and between inc1nstrialness antI nlonogaluy. For, as polygyny implies 
a low position of women, while monoganlY is a prerequisite to a high 
position of wonlen, it follows that decrease of lllilitancy and increase 
of industrialness are general concomitants of a rise in their })osition. 
This conclusion appears also to be congruou
 with the fact just ob- 
::;erved. The truth that, aUlong peoples other,,
i
c inferior, the posi- 
tion of,volnen is relatively good where their occupations are nearly 
the same as those of men, seems allie(l to the ,vieler truth that their 
position becomc
 good in proporti8n as ,varlike activities are replaced 
by industrial activities; since, ,vhen the men fight while the ,vornen 
work, the difference of occupation is greater than when both are en- 
gaged in productive Llbors, howe'
er unlike such labors may be in 
kind. From general reasons for alleging this connection, let us now 
pass to nlore special reasons. 
.As it ne
ded no marslHtling of c\Tidence to prove that the chronic 
militancy characterizing low, simple trihes, habitually goes with po- 
lygyny, so it needs no marshaling of evidence to pI'ove that along 
\\
ith this chronic n1ilitancy there goes a brutal treatment of,voinen. 
It ,vill suffice if we here glance at the converse caßes of simple tribes 
which ar(1 exceptional in their indnstrialne
s, and at the same time ex- 
ceptional in the higher positions held by "
omen among them. Even 
the ru<1e 'rotla
, low as are the sexuall"ebtions impliea hy their com- 
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bined polyandry and })olygyny, and little developed as is the industry 
implied by their seIui-settled cow-keeping life, furnish evidence: to 
the Tnen and boys are left all the harder kinds of ,york, aud the ,,-ives 
" do not even step out-of-doors to fetch ,vater or wood, ,yhich . . . . 
is brought to them by one of their husbands;" and this trait goes 
along ,vith the trait of peacefulness and entire absence of the nÜ]itant 
type of social structure. Striking evidence is furnished by another of 
the IIill-tribes-the Bodo and Dhiuláls. "r e have seen that, anlong 
peoples in lo\v stages of culture, these furnish a marked case of non- 
militancy, ahsence of the political organization ,vhich nlilitancy de- 
"elops, absence of class-distinctions, and presence of that voluntary 
exchange of services implied by industrialism; and of thel11, nlonog- 
anlons as already shown, we read: "The Bodo and I)hiInáls use 
their ,vi,-es and daughters well; treating them with confidence and 
kindness. They are free fronl all out-door work whatever." Take, 
again, the Dyaks, who, though not "Tithout tribal feuds and their con- 
sequences, are yet without stable chieftainships and militaryorganiza- 
tion, are predominantly industrial, and have rights of individual prop- 
erty ,vcll developed. Though among the varieties of them the custon1S 
differ somewhat, yet thc general fact is that the heavy out-door work 
is mainly done by the men, ,vhile the women are gcnerally ,veIl treated, 
and have considerable privileges. 'Vith their monogamy goes regular 
courtship, and the girls choose their mates; St. Jolin says of the Sea 
Dyaks that "husbands and wives appear to pass their lives very 
agrceably together;" and R:1jah Brooke nan1es 
Iukah as a part of 
Borneo where the ,vives c10sc their doors, and will not receive their 
husbands unless they procù)"c fish. Then
 as a marked case of a simple 
community having relatively high industrial organization, with elective 
head, representative council, and the other concomitants of the type, 
and ",'ho are described as " industrious, honest, and peace-Io,'ing," ,ve 
have the Pueblos, \\Tho, with that mOlloganlY .which characterizes tJ)eir 
family relations, also show. us a relnarka"bly high status of ,,'onlen. 
For among tllem not simply is there court ship, and choice cxerciFied 
by girls; not sinlply do we r.ead that" no girl is forced to marry 
aO'ainst her "will ho,vever eliO'iblc ber P arents nUlY consider the 
b , 
 .. 
match;" but sometimes, according to Bancroft, "the usual order of 
courtship is reversed; when a girl is disposed to ll1arry she does not 
wait for a young man to propose to her, but ::;elects one to lwr own 
liking and consults her father, wl)o visits the 1):1rents of the )
outh and 
acqnaints theln with his dangllter's wishes." 
On turning from simplc societies to compound 
ocieties, we find 
two a(ljac
nt ones in Polynesia exhihiting a strong contrast between 
their social types as militant and indnstrial, and an equally Rtrong 
contra
t l)etween the po
dtions they respectively gi\'e to "Tomen: I 
refer to Fecjeeans ana Samoans. The Feejeeans sho"T us the n1Ï1itant 
structure, actions, and sentiments, in extreme forn1s. Under nIl un- 



THE ST,A.TUS OF JVOlrIE.LV AND OHILDRE.J."\"","- 44 1 


mitigated despotism there arc fixed rank
, obedienc{: the most pro- 
found, marks of subordination aUlounting to worship; there is an 
organized military system ,vith its gr:1l1cs of officers; the lower 
classe
 exist only to supply neces
aries to the ,varrior-classes, wlJose 
sole business is ,val', merci1cs
 in its character anù accolllpaniecl by 
cannibalism. And here, along with prevalent polygyny, carried 
:llnon cr the chiefs to the extent of from ten to a hundred wives, we 
o 
find the position of ,,"Olllen such that,-not only are they, as 
llnong the 
lowest savages, "littlc better than beasts of burden," ancl not only 
lllay they be sold at pleasure, but a man may kill and eat his wife if 
he pleases. Contrariwise, in Samoa the type of the regulating sys- 
tem has beconle in a considerable degree industrial. ,!"'here is repre- 
sentative govenUllent, and chieftains, exercising authority under con- 
siderable restraint, are partly elective; ,vhile tbe industrial organiza- 
tion is so far developed tl)at tllcre are journeymen and apprentice
, 
there is payment for labor, and there are even strikes, with a rudi- 
111entary tradcs-unionisDl. l\nc1 here, beyond. that inlprovement of 
women's status implied by lilnitation of their labors to the lighter 
kinds while men take the heavier, there is the ilnprovelllcnt in1plied 
by the fact that "the husband has to provide a dowry, as ,,"ell as 
the 'wife, and the dowry of each nl1.lst be pretty nearly of equal value," 
aud by the fact that a couple ,vho have lived together for years l11ake, 
at separation, a fair division of the property. Of othcr compound 
societies fit for comparison, I may nalne t,vo in All1erica, Korth and 
. . 
South, the Iroquois and the Araucanians. Though these, alike in 
degree of composition, ,vel'e hoth formed by conlbil1ation in ,,-ar 
against civilized invaders, yet, in their social structures, they differed 
in the rèspect that the ....lraucaniaDs l>ccame decidedly nlilitant in 
their regulative organization, 'while the Iroquois did not give their 
regulative organization the militant form , . for the croverniu cr acren- 
b :::> 0 
cies, general anJ local, were in the onc personal and hereditary ana in 
the other representative. N o,,
, though these two peoples were much 
upon a par in the division of labor bet,veen the sexes-the TIlen 
1inlÍtin!! themscl\'es to war , the chase and fishino- lcavino- to the 

 , 0' ð 
"
Olnen the labors of the field and the house-yet along with the freer 
political type of the Iroquois there went a freer domestic t)
pe; as 
shown by the facts that the WOlllen had separate proprietary rights, 
that they took with them the children in cases of separat.ion, and that 
n1arriagcs ,vere arranged by tbe mothers. No definite cyidcnce either 
'\Tay is furnished by the doubly-colnpolllld societies of ancient An1er- 
ica. The political organizat ion of 
Iexico \\?as in [t hio-h decrree n1Ïli- 
.... :""" 
 
taut in type; lH1t along with it there "rent an elaborate industrial 
organization, ,vith extensive division of labor and cOllsic10rahle conl- 
mercial intercourse; and, excepting in thc polygyny and concul)inago 
of the l.

per classes, and occasional inheritance of WiV0S as property, 
the position of WOlnen appears to bave ùeen not bad. The Pcru\"ian 


. 
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nation, 'which, though less sanguinary in its observances, had the mili- 
tant 
tructure carried out far more completely, so that its industrial 
organization formed lxtrt of the political organization, gave a lower 
status to WOnlE'n, who did the hard work, and who, in the npl'er ranks 
at least, had to sacrifice themselves on the deaths of their husùands. 
The highest societies, ancient and modern, are nlany of them ren- 
dered in one .way or other unfit for conlparisons. In some cases the 
cviLlence is ina(lequate; in some cases "Te kno,v not what the antece- 
dents have been; in some cases the facts have been confused by 
agglomeration of different societies; and in all cases the coü}}eratillg 
intluences have increased in number. Concernin()' the most ancient 
o 
ones, of ,vhich we kno,v least, 'we can do no more than say that the 
traits presented by thenl are not inconsistent ,vith the vie"T llere set 
forth. The Accaùians, ,,-ho before reaching tbat height of civiliza- 
tion at which phonetic writing was achievcd, must have existed in a 
settled populous state for a vast period, must have therefore had for a 
yast perioù a considerable industrial organization; and it seems not 
Ï1uprobaùle that during such period, being powerful in conlparison 
"Tith wandering tribes around, their social life, little perturbed by 
enen1Íes, was substantially peaceful. IIence there is no incongruity 
in the fact that they are 
hown by their records to have given their 
WOUlen a relatively high status: wives owned }}roperty, and the hon- 
oring of u10thers was especially enjoined by their la,vs. Of tIle Egyp- 
tians something sin1Ïlar nlay be said. Their earliest wall-paintings 
show" us a people far advanced' in arts, industry, oùservances, mode 
of life. The Ílnplicatiou is irresistible that, before the stage thus de- 
picted, there Inust have 'been a long era of rising civilization; and 
since this era ,va::; passed in all isolatell fertile tract, mostly surrounded 
by such nonladic hordes only as the deserts coulll sUPI,ort, tlle Egyp- 
tians ""ere rt:'Iatiyely strong, and may not iml)robably have ]ong led a 
life largely indu
trial. So that, though the roilitaut type of social 
structure eyolved during the time of their consolidation, and Inade 
sacred by their fornl of religion, continued, yet indllstrialislll must 
have become an important factor, influencing greatly their 80cial 
arrangements, and diffusing its appr<?priate seutimen
s and ideas. 
And the position of woman was relatively good. Though polygyny 
eÀistcd, it was unusual; matrinlonial regulations .were strict, anù 
divorce difficult; "married couples lived in full community; " 'V0111eU 
shared in social gatherings as they do in our o,yn societies; in sundry 
respects they baa precedence given to them; 3nd, in the ,vonls of 
Ebers, " many other facts nlight be added to prove tlJC high state of 
married lifp." 
Ancient Aryan socictieR illustrate well the relationship hetween 
the domestic 'rérlhne and the politi(>al 'réflÍ'Jne. The despotisnl of an 
irresponsihle hena, .wl1ich cllaracterizes the Ini1itant type of structure, 
charactc.1rized alike the original patriarchal fan1ily, the cluster of faIn i- 
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lies having a common ancestor, and the united clusters of families form- 
ing the carly Aryan cOllununity. . ....\8 l\Iolnmsell describes him, the 
early l
oman ruler, ollce in office, stood to'ward c.itizens in the same 
relation that the father of the fan1ily did to wife, children, and slaves: 
" The regal power had not, and couhl not have, any external checks 
ilnposed npon it hy law: the lnaster of the community had 110 judge 
of his acts "rithin the comnlunity, any n101"e than the house-father had 
:1 jlld.gP within his hou:5ehohl. Death alone ternlÌnated his power." 
From this first stage, in ,vhich the political head was. aùsolutc, and 
absoluteness of the don1estic head went to the extent of life and death 
power over his 'wife, the advance to,vard a higher status of "
omen 
,va
 doubtless, as Sir IIenry l\Iaine contends, largely caused by that dis- 
integration of the family 'which 'went along ,yith the progressing union 
of smaller societies into larger ones effected by conq nest. But though 
succes5ful militancy thus furthered felnale emancipation, it did so 
ouly by thereafter reducing the relative amount of militancy; and the 
emancipation "yas really associated with an average increa
e of indus- 
trial structures and activities. As before pointed out, n1Ïlitancy is to 
1>e nlea
ured not so much hy success in 'war as by the extent to ,,
llÎch 
it occupies the nlale population. 'Yhere aU men are "
a]'riors, and the 
","ork is done entirely by \vonlen, nÚlitancy is the greatest. The in- 
troduction of a class of luales who, joining in productive laùor, lay 
. the basis for an indu
trial organization, qualifies the militancy. ..A.lld 
as tbe industrial class, at first consisting though it does ,,'holly of 
slaves, increases in proportion to the militant class, the total actÍ\'i- 
ties of the society must be regarded as more industrial and less mili- 
tant. In another way the same truth is inlplied, if we consider that 
when a number of small hostile societies are consolidated by triumph 
of the stronger, the :1l110nnt of fighting- throughout the area occupied 
becomes legs, although the conflicts now from time to tinle arising 
with neigh boring larger aggregates lnay be on a greater scale. This 
.is clearly seen on comparing the ratio of fighting-men to population 
anlong the early Romans ,,'ith the ratio het,,?een the anllies of tbe 
empire ana the nunlùer of people inclndell in the cInpire. And there 
is the further fact that the hoh1ing together of these compound and 
doubly-compound societies eventually fornlet1 by conqnest, and the 
efficient coöperation of their parts for lllilitary purpose
, itself inl- 
plies an increased de\relopment of the iw1nstrial organization. Great 
arnlÎes carrying on operations at the periphery of a great territory, 
in1ply a numerous working population, a considerahle division of 
lahor, ana gooa appliances for transferring supplies: the sustaining 
and di
tribnting 
yst.emR nlust be well deyelopetl before large mili- 
t
nt 
tructnres can be ,vorkcd. So that this disinteoTation of tIle 
b 
patriarchal fan1Ïly, ana con
eqnent emancipation of "romen, ,vhich 
,vent along with growth of the I{omnn Enlpirc, real1y had for its con- 
comitant a developlllC'nt of the industrial organization. 
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In other ways a like relation of cause and effect is shown us. during 
the progress of European societies since ROlllan tillles. 
Itespecting tbe stat-us of women in nlediæval Europe, Sir IIenry 

13ille says: 


" There can be no serious question that, in its ultimate result, the disruption 
of the Roman Empire was very unfavorable to the personal and proprietary lib- 
erty of women. I purposely say 'in its ultimate result,' in order to avoid a 
learned controversy as to their position under purely Teutonic custom." 


Now, leaving open tbe question \vhether this conclusion applies beyond 
those parts of Europe in which institutions of Ronlan origin were least 
affected by those of Gerlllal1ic origin, we nlay, I think, on contrasting 
the condition of things before the fall of the enlpire and the condition 
after, infer a connection bet,veen tllis decline in the status of WODlen and 
a return to greater militancy. For w hiJe 110mal1 power held togetber 
the populations of large areas, there existed throughout them a state of 
comparative internal }Jeace; whereas its failure to maintain subordina- 
tion was followed by universal warfare: producing from tinle to time 
larger aggregates and again dissolutions of them, until the disintpgra- 
tion had reached the stage in which there existed numerous feudal gov- 
ernments mut
lally hostile. And then, after that decline in the position 
of women which accolnpallied this retrograde increase of nÜlitancy, 
the subsequent improvement in their position went along with aggre- 
gation of smaller feudal governnlellts into larger ones, which had the 
result that within the consolidated territories the amount of diflÌ1sed 
fighting decreased. 
Comparisons between 'the chief civilized nations as now existing, 
yield verifications. Note, first, the fact, significant of the relation 
bet,,?een political de
potisnl and dOlnestic despotisnl, that, according 
to Legouvé, K apoleon T. 
aia to the Council of State, "Un Inari tloit 
avoir un empire absolu sur les actions de sa felnm
;" and that sunò.ry 
provisions of the Code, as interpretell by Potl1ier, carry out this dic- 
tum. Further, note that, according to De Ségur, the position of 
?omen 
in France declined under the, empire; and that" it was not only in 
the higher ranks tbat this nullity of ,vomen existed. . . ,_ The }labit 
of fighting filled men with a kind of contempt and asperity which 
made them often forget e\'en the regard which they owed to 
?eak- 
ness." Passing over less essential contrasts now presented Ly the 
leading European peoples, and considering chiefly the status as dis- 
vlayed in the daily lives of the poorer rather than the richer, it is 
Inanife
t that the mass of ,VOlllen ha \Te harder lots where tnilita!lt or- 
ganization and activity predonlinate, than they have ,vhere there is a 
prec1onlinanceof industrial organization and acth'ity. The sequence 
observec1 by travelers in Africa, that in proportion as the Dlen are 
occupied in war more 1abor falls on the "women, is a sequence which 
both France and Gennauy sho,v us. Social sustentation has to be 
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carried on; and necessarily the more nlales are a rafted off for military 
service, the more females must be calleel on to fill their places as work- 
ers. lIence the extent to which in Gennany ,volnen are occupied in 
roug11, out-of-door tasks-digging, ""heeling, carryiIig burdens; hence 
the extent to which in France heavy field-operations are shared in by 
W01110n. That the English hou
ewife is less 3 drudge than her Ger- 
man sister, that among shopkeepers in England she is not required to 
take so large a share in the business as she is among shopkeepers in 
France, an(l that in England the out-of-door ""ork done by ,yomen is 
hoth smaller in quantity anellighter in kind, is clear; as it is clear 
that t.his difference is associated with a lessened demand on tbe male 
population for l)luposes of offense and defense. And then there may 
be added the fact of kindred meaning, that in the United States, 'v here 
till tbe late "rar the degree of militancy had been so sman, and the 
industrial type of social structure and action so predominant, 'women 
have reached a higher status than anywhere else. 
E\.idence furnished by existing Eastern nations, so far as it can 
be disentangled, supports this view. China, with its long history of 
,nus causing consolidations, dissolutions, reconsolidations, etc., going 
back nlore than 2,000 years B. c., and continuing during Tartar and 
l\Iongol conquests to be Inilitant in its activities and arrangements, 
has, notwithstanding industrial growth, retained the nlÍlitant type of 
structure; and absolutism in the state has been acconlpalliec1 by ab- 
solutism in the family, qualified in the one as in the other only by the 
custonlS and sentiinents which industrialisnl bas fostered: wives are 
bought; concubinage is comnlon anlong those adequately ,veIl off; 
,vi<lo,vs are sornetimes sold as concubines by fahters-il1-law; and 
"Tomen join in hard work, son10times to the extent of being harnessed 
to the plough; "Thile, nevertheles
, thi::; 10"''' status is practically raised 
by a public opinion that checks the harsh treatment legally allowable. 
Sinlilarly Japan, which, passing through long periods of internal con- 
flict ending in integration, acquit-ed an organization completely mili- 
tant, nnder ,vhich political freedom ,,"as unknown, showed a simul- 
taneous absence of freedom in the l}ouseholt1-bu y ino- of ,vives concu- 
o , 
binage, divorce at luere ""ill of husband, crucifixion or decapitation 
for wife's adultery; while, along ,,,,ith the growth of industrialism 
characterizing the later days of Japan, there went such improvement 
in the legal status of wonlen that the husband "ras no longer allo"red 
to take the law into his OWll hands in case of adultery; and now, 
though women are occasionally f'f'en using the flail, yet mostly the 
Inen, according to Sir Rutherford .J:\lcock, " leave their women to the 
lighter ""ork of the honse, and perforiu them
elves the harder out-door 
labor." 


It .i
, of coursf', difficult to generalize phenomena into t1Je genesis 
of wluch there enter factors so numerous and invoh.ed-character of 
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rac
, religious beliefs, surviving customs and traditions, degree of 
culture, etc.; ana doubtless the n1any coöl)erating causes give rise to 
incongruities which qualify sOlllewhat the conclusion drawn. But, on 
sUl1lIning HI) the several arguments, we sha11, I think, see that conclu. 
sion to be substantially true. 
The least entangled evidence is that ,vhich most di:-.tinctly forces 
this conclusion upon us. I-
enlembering that nearly all sÍ1nple uu. 
civilized societies, baving chronic feuds with their neighbors, are n1Ïli- 
taut in their activities, and that their 'YOnlen are extrelllely degraded 
in position, the fact that in the exceptional sinlple societies which are 
peaceful and industrial there is an exceptional elevation J of women 
aln10st alone suffices as proof: neither race, nor creed, nor culture, 
being in these cases an assignable cause. 
The connections which we have seen exist between nÚlitancy and 
polygyny, and between industrialness and monogamy, present the 
same truth under another aspect; since polygyny necessarily im})lies 
a low status of ,vomen, and monoganlY, if it does not necessarily im- 
ply a high status, is an essential condition to a high status. 
Further, that approximate equalization of the sexes in numbers 
w'hich results from dinlinishing 'militancy and increasing illaus
rial. 
ness, conduces to the eleyatioll òf women; since, in proportion as the 
supply of nlales available for carrying on social sustentation increases, 
tbe labor of social sustentation falls less heavily on the females. And 
it Illay be added that the societies in which the surplus of males thus 
made available undertakes the harder labors, and so, relieving the 
females from undue pl1ysical tax, enables them to produce more and 
better off8pring, ,,,ill, other things equal, gain in the struggle for ex- 
istence ,vith societies in \vhich the'Volnen are not thus relieved by the 
nlen: ,,"bence an average tendency to the spread of societies in which 
the status of "TO III en is ÍIl1proved. 
There is the fact, too, that the despotism distinguishing a com.. 
munity organized for war, is essentially connected ,vith despotism in 
the household; 'while, conversely, the freedom which characterizes pub. 
lic life in an industrial con1IDunity, naturally characterizes also the ac. 
cornpanying private life. In the one case COlllpulsory coöperation pre- 
vails in both; in the other case voluntary coöperation prevails in both. 
By the moral contrast we are shown another face of the same fact; 
IIabitÜal antagonisnl with, and destruction of, foes, sears the sym. 
pathies; while daily exchange of products and services anlong citi. 
zens, puts no obstacle to increase of fellow-feeling. And the altruism 
,vhich gro,vs ,vith })eaceful coöperation, ameliorates at once the life 
,vithout the household a11(l the life \vithin the household.! 


1 Too late to be inserted in its proper place, and so late tbat I have canceled stereo- 
type plates to bring it in, I have met with a striking verification in the just-issued work 
of Mr. 'V. 
ratticu ""i1liams, F. R. A. S., F. C. S.) "Through Korway with Ladies," He 
saJs, " There are no people in the world, however refineù, among whom the relative posi- 
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II. 
That hrute
, howe\"'er ferocious, treat their off
pring tenderly, is a 
f:ulliliar fact; and that tenderness to offspring is shown by the Illost 
brutal of Inankilld, is a fact quite congruous with it. ..An obvious ex- 
planation of this seen1ing anomaly exists. As we saw that the treat- 
lnent of wonlen by men cannot pass a certain degree of barshness 
without causing extinctiun of tbe tribe, so, here, we may see that the 
tribe must di:sappear unless the love of progeny is strong. lIenee ",-e 
need not be surprised when :i\Iouat tells us that the _'\ndaman-Islanders 
" show their children the utmQst tenderness and affection;" or ,vhen 
,ye read in Snow's account of the Fuegians that both sexes are much 
attached to their offspring; or ,vhen Sturt describes Australian fathers 
and mothers as behaving to their little ones 'with nluch fondness. 
Affection intense enough to prompt great self-sacrifice is, indeed, 
especially requisite uucler the conditions of sayage life, which rencler 
the rearing of young difficult; and maintenan.ce of such affection is 
insured by the dying out of fan1Ïlies in ,vhich it is deficient. 
But this strong parental love is, like the parental love of animals, 
yery irregularly displayed. .L\s anlong brutes the philoprogenitive 
instinct is occasionally suppressea by the desire to kill, and even to 
devour, their young ones, so, RIllong prin1Ïtive men, this instinct is 
now' ana again o,"erridc1en by impulses temporarily excited. Thus, 
though attached to their off..o;pring, Australian nlothers, ,,?hen in dan- 
ger, will sornetimes desert thcm; and, if we may beli0ve A.ngas, men 
haye been known to bait their hooks 'with the flesh of boys they ha \"e 
kil1ecl. Thus, notwithstanding their marked par
ntal affection, Fuegi- 
ans sell their children for slaves; thus, anlong the Chonos Indians, a 
father, thoug-h doting on his boy, ,vill kill him in a fit of anger for an 
accidental offense. Evel.ywhere among the lo\ver races ,ve l11eet with 
like incongruities. Falkner, while describing the paternal feelings of 
Patagonians as very strong, says they often pawn and sell thcir wives 
auc.llittle ones to the Spaniards for brandy. Speaking of the children 
of the Souna Indians, Bancroft says they" sen or gamble th0m away." 
According to Silnpson, the Pi-Edes " barter their cllilL1ren to the Utes 
propel', for a few trinkets or bits of clothing." And of the 3Iacusi, 
Schonlburgk writes, "The price of a child is the same as the Indian 
asks for bis dog." 
This seen1Íngly-heartless conduct to children often arises from the 


tion of man anù wo
an is more favorable to the latter than among the Lapps." After 
giving evidence from personal obser,.ation, he asks the reason, saying: "Is it because 
the men are not \Vaniors? , . . They have no soldiers, fight no battles, either with out- 
side forcignm's, or between tbe various tribes and families among themselves. . . . In 
spite of their wretche(l hut
, their dirty faces, their primitive clotlling, their ignorance 
of literature, art, and seÏence, they rank above us in the highest element of true civiliza- 
tion, the moral element; and all tbe military nations of the world may stand uncovered 
before them" (pp..162, 1(3). 



44-8 THE POPULAR SCIENCE .J.1IO.i.VTHLJr" 


difficulty experienced in rearing tbem. To it the infanticide so COlli- 
mon among the uncivilized and semi-civilized is; of course, mainly due 
-the burial of living infants ,,'ith lllothers who have died in child- 
birth; the putting to death one out of twins; the destruction of 
younger children ,,,hen there are already 8everal. For these acts 
there is an excuse like that conlIl1only to ùe made for killing tbe sick 
and old. When, concerning the tlesertion of aged people by wander- 
i:ag prairie tribes, Catlin says, " It often becomes absolutely necessary 
in such case
 that they should be left, anù they uniformly insist upon 
it, saying, as thi
 old ll1an did, that they are old and of no further use, 
that they left their fathers in the same manner, that they ,vish to die, 
and their children must not mourn for them "-when, of the Nascopies, 
IIeriot tells us that in his old age" the father usually employed as his 
executioner the son who is most dear to him "-,vhen, in I{ane, .we 
read of the Assiniboin chid' who" killed his own nlother," because, 
being" old and feeble," she" asked him to take pity on her and end 
her n1Ïsery"-there is suggested the conclusion that, as destruction of 
the ill and infirrn may lessen the total amount of suffering to be borne 
uuder tbe conditions of savage life, so may the destruction of infants, 
"hen the region is barren or the mode of life so hard that the rearing 
of many is impracticable., And a like plea may be urged in mitigation 
of judgment òn savages who seH or barter a,vay their children: the 
needs of the younger ones possibly, in sonle cases, pronlpting this 
sacrifice of the elder. 
Generally, then, among uncivilizcd peoples, as among animals, 
instincts ana impulses are the sole incentives and deterrents. TIle 
status of a prirnitive man's' child is like t1lat of a hear's cub. There is 
neither moral obligation nor moral restraint; but there exists the 
unchecked po"Ter to foster, to desert, to destroy, as love or anger 
moves. 


To the yearnings of natural affection are added in early stages of 
progress certain motives, partly personal, partly social, which help to 
secure the lives of children; 1)l,lt which, at the same time, initiate dif- 
ferences of status between chilclrt>ll of different sexes. There is the 
desire to strengthen thf\ tribe in war; there is the wish to haye a 
future avenger on individual enen1Ïes; there is the anxiety to leave 
behind one ,vho shall perfonn tIlc funeral rites and continue oblations 
at the grave. 
Inevitably, tbe urgent need to augmf\nt the number of warriors 
leads to ])reference for tnale ehiltlren. On reading of such a militant 
race as the Chechemecas, that they" like much their male children, who 
are brought up by their fathers, hut they despise and hate the daugh- 
tel's;" or of the Panches, that, ,vhen " a wife bore her first girl-child, 
they killed the child, and thus they did w.ith all the girls born before 
a male child," we are ShO'Vll the effect of this desire for sons; and 
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every,,
herc we find it leading either to destruction of daughters, or to 
low estirllation and ill-treatnlent of them. Through long ascending 
stao-es of social life the desire thus arising persists; as instance the 
Ö . 
statement of IIerodotus, that every Persian prided himself on the 
number of his sons, and it is even said that an annual prize ,vas given 
by the monarch to the Persian who could sho,v most SOilS living. 
Obviously the social motive, thus coming in aid of the parental 
motive served to raise the status of' male children above that of 
, 
feHInle. 
A reason for the care of sons implied in the passage of Ecclesias- 
ticus .which says," He left behind hiIn an ayenger against his ene- 
mics" is a reason which has weio-hed with all races in barbarous anù 
, Ö 
sf\mi-civilizecl states. The sacred duty of blood-revenge, earliest of 
recognized obligations among men, survives so long as societies 
renutin predominantly wadike; and it generates an anxiety to have a 
male representative who shall retaliate upon those fronl whom injuries 
have been received. This bequest of quarrels to' be fought out, trace- 
able down to recent times among so-called Christians, as in the ,yjIl 
of Brantôme, has, of course, all along raised the value of sons, anù has 
so put upon the harsh treatlnent of them a check not l)ut upon the 
harsh treatment of daughters-whence a further differentiation of 
status. 
. The developlllent of ancestor-wor:o;hip, which, enjoining sacrifices 
to be made by each man at the tombs of his immediate and more 
remote male progenitors, inlplies anticipation of like sacrifices to his 
o\vn ghost by his son, initiates yet another nlotive for cherishing sons 
-adds to the parental regard for chihlren a feeling \vhich tells in favor 
of males rather th:tn of females. The effects of this motive a.re at the 
present tÍ1ne shown us by the Chinese, among whom the death of an 
only son is especially lamented, because there ,vill be no one to make 
offerings at the grave, and among whom the peremptory neecl for a 
son hence arising is held to justify the taking of a concubine, though, 
" if a person has sons by his wife (for daughters never enter into the 
:l.ccount), it is considered derogatory to take a handruaid at all." On 
recalling Egyptian wall-paintings and papyri, and the like evidence 
furnished by Assyrian records, showing that sacrifices to ancestors 
,vere perfornled hy their male descendant-on remembering, too, that 
among ancient ..Aryans, IIindoo, Greek, Roman, the daughter was inca- 
pable of this function, and that sons were, therefore, required for main- 
taining the falnily-cult-we are shown how this dcveloped fonn of 
the prilnitive religion, while it strengthened filial- 
ubordination, 
added an incentive to parental care-of sons, but not of daughters. 
In brief, then, the relations of adults to Y ouno- alllOllO- hunlan 
b 
 
beings, originally like those among animals, began to assume higher 
forms under the influence of the several desires-to obtain an aider in 
fighting enemies, to provide an avenger for injuries received, and to 
VOl.. XI.-29 
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leaye behind one who should administer to welfare after death: n10- 
ti yes which, strengthening as societies passed. through their eady 
stages, ,gradually gave a certain authority to the claims of male chil- 
dren, though not to those of females. And thus "re again see how 
intimate is the connection between militancy of the men and degrada- 
tion of the "rOlllen. 


IIere ,ve are introduced to the question, " What relation exists be- 
tween the status of children and the fornl of social organization?" To 
this the reply is akin to one given in the last chapter; n' mely, that 
mitigation of the treatment of children accolllpanies transition fronl 
the militant type to the industrial type. 
Those lowest social states in which offspring are now idolized, no"r 
killed, no,v sold, as the dominant feeling pronlpts, are everywhere the 
states in which hostilities ,vith surrounding tribes are chronic. This 
absolute dependence of progeny on parental will is shown ".hether 
the militancy is that of archaic groups, or that of groups higher in 
structure. In the latter as in the former, there exists that life and 
death po,ver over children "Thich is the negation of all rights and 
claims. On comparing children's status in tbe rudest militant tribes 
with their status in militant tribes which are patriarchal and com- 
pounded of the patriarchal, all we can say is, that in these last the 
still-surviving theory becoilles qualified in practice; and that qualifi- 
cation of it increases as industrialism grows. 
rfhe Feejeeans, intensely despotic in government, and ferocious in 
war, furnish an instance of extreme abjectness in the })osition of chil- 
dren. Infanticide, especially of females, reaches nearer two-thirds 
than one-half; they" destroy their infants, from mere whim, 
xpediency, 
anger, or indolence; " and, according to Erskine, " children bave been 
offered by the people of their own tribe to propitiate a powerful chief," 
not for sla yes but for food. A sanguinary warrior race of l\Iexico-the 
Chechemecas-yield another example of excessive parental })ower: 
sons" cannot marry without the consent of parents; if a young man 
violates this law. . . . the penalty is death." By this instance we 
are reminded of the domestic condition among the ancient l\Iexicans 
(largely composed of conquering cannibal Chechemecas)," whose social 
organization was highly militant in type, and of whom Clavigero says, 
" Their children wcre bred to stand 
o much in awe of their parents, 
that even when grown up and married, they hardly durst speak before 
them." In ancient Central .America family rule was sin1Ïlar; and in 
ancient Peru it ,vas the law that" sons should obey and serve thcir 
fathers until they reached the age of t,venty-five." 
If ,ve now turn to the few cases of uncivilized and sen1Ï-civilized 
societies that are wholly industria], or predominantly industrial, we 
find childrcn, as "Te found ',,"omen, occupying much higher positions. 
Among the peaccful Bodo and Dhirná]s, "infanticide is utterly un- 
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kno","'n;" daughters are treated" \vith confidence and kindness; " and 
,vhen tuarriages are being arranged, "there is a consulting the des- 
tined In"ide;'' to which add the reciprocal trait t
at "it is deen1(
d 

hameful to leave old parents entirely alone." The Dyaks, again, 
largely intlustrial, anJ having an unmilitant social structure, yieltl the 
f<lct stated by Brooke, that" the practice of infanticide is rare," as 
well as the facts before Dalned under another head, that children have 
the freedom in1plied by regular courtship, and that girls choose their 
mates. 'Ve are told of the Samoans, who are more industrial in social 
structure and habit than neighboring l\lalayo-Polynesians, that infan- 
ticide after birth is unknown, and tbat children have the degree of in- 
dependence implied by elopements ,,"'hen they cannot obtain parental 
assent to their marriage. Similarly ,vith the N egritos inhabiting the 
island of Tanna, ".,. here militancy is slight and there are no pronounced 
chieftainships: of them we I"ead in Turner that "the Tannese are 
fond of their children. No infanticide there. They allow then} every 
indulgence, girls as well as boys." Lastly, there is the case of the in- 
dustrious Pueblos, ,vhose children were unrestrained in marriage, and 
by whom, as ,ve have seen, daug
ters 'vere especially privileged. 
Thus with a highly-militant type there goes extreme subjection of 
children, and the status of girls is still lower than that of boys ; while 
in proportion as tbe type becomes non-nlilitant, there is not only 111 ore 
recognition of children's claims, but the recognized claillls of boys and 
girls approach toward equality. 


Kindred evidence is supplied by those societies which, pa
sing 
through the patriarchal forms of domestic and political government, 
have evolved into large nations. Be the race Turanian, Semitic, or 
Aryan, it shows us the same connection bet\veen political absolutisnl 
o\
er subjects and domestic absolutisnl over children. 
In China the destruction of female infants is common; "})arents 
sell their children to be slaves;" in marriage" the parents of the girl 
always den1and for their child a price;" and" forced marriages often 
produce the most tragic results.. . . A union prompted solely by love 
would be a monstrous infraction of the duty of filial obedience, and. a 
predilection on the part of a female as heinous a crime as infidelity. 
. . · Their maxim is, that,::is the emperor should have the care of a 
father for his people, a father should have the power of a sovereign 
over his family." 1\lean,vhile it is observable that this legally-unlin1- 
itcd paternal power des'cendino- from n1ilitant times and P ersistincr 
. 0 , c 
along with the militant type of social structure, has come to be quali- 
fied in practice by sentiments which tbe industrial type fosters: in- 
fanticide, reprobated by proclamation, is excused only on the plea of 
poverty, joined with the need for rearing a l11ale child; and public 
opinion pnts ('hecks on the actions of those w
o purchase children. 
\Vith that militant type of social structure which, during eady wars, 
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became highly developed among the Japanese, similarly goes great 
filial subjection. 
Iitford, qualifying previous statements, admits that 
needy people " sell their children to be ,vaitresses, singers, or prosti- 
tutes;" and Sir Rutherford Alcock says that "parents, too, have 
undoubtedly in some cases, if not in aI], the power to sell their chil- 
dren." It may be added that the subordination of young to old, irre- 
spective of sex, is greater than the subordination of fenulles to males; 
for abject as is tbe slavery of wife to hu
band, yet, after his death, 
the ,vidow's po'wer "over the son restores the balance and redresses 
the wrong, by placing ,voman, as the mother, far above lUan, as the 
son, whatever his age or rank." And the like holds among th
 Chinese. 
flow among the prinliti ve Semites the father exercised cnJ1ital 
jurisdiction, antl ho\v along with this there went a 10,ver status of 
girls than of boys, needs no proof. But, as. further indicating the 
parental and filial relation, I lnay name the fact that children were 
considered so much the property of the father, that tlley were seized 
for his debts (2 I{ings iv. 1; Job xxiv. 9); also the fact tbat selling of 
daughters was authorized (Exodus xxi. 7); also the fact that injunc- 
tions respecting the treatlnent of 
hildren referred exclusively to 
})aternal benefit: as instance the reasons given in Ecclesiasticus, c1lap- 
tel' xxx., for chastisement of sons; and the further fact t1lat in Dcu- 
teronon1Y, xxi. 18, stoning to death is the appointed punishlnent of a 
rebellious son. Though some qualification of l)aternal absolutisn} 
arose during the later settled stages of the llebrews, yet alollg 'with 
. persistence of the militant type of government there continued ex- 
treme filial su hordination. 
Already in t11e chapter on tIle Family, when treating of the Ro- 
mans as illustrating both the social and domestic organization pos- 
sessed by the conquering Aryans during their spread into. Europe, sonle- 
thing has been implied rpf,pecting the status of child.ren anlo11g thelu. 
In the words of l\Iommsen, relatively to the father, " all in the house- 
hold were destitute of legal rigltts-the wife and child no less than 
the hullock or the slave." lIe nlight expose his children: t11e religious 
})rohibition which for
c1e it 
'so far as concerned 3ll the sons-de- 
formed births excepted-and at least the first daugbter," was ,,,ithout 
civil sanction. lIe" had the right and duty of exercising over them 
judicial powers, and of punishing them as he deenled fit, in life and 
limh." He might also sell his child. It remains to say that the same 
implied development of industrialness which we ßaw went along with 
im pl'ovement in the position of women during the growth of the 1
0- 
man Empire, went along with improvement in the position of childrcll. 
I may ad<1 that in Greece there were allied manifestations of }mternal 
absolutism: a man could bequeath his daug1lter, as he could also llis 
wife. 


If, again,' we compare the early states of existing European peo- 
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pIes, characterized by chronic militancy, with their later states, 
chal'acterized by a militancy that had becolne less constant and dif- 
fused, while industrialisnl had grown, differences of like significance 
nleet us. 
'Ve ha,'e the stat
nlent of Cæsar concerning the Celts of Gaul, that 
fathers" do not perm
t their children to approach thetn openly until 
they have gro'wll to manhood." In t,he l\Ierovingian l)eriod a father 
could t5ell his child, as could also a widowed mother-a power which 
continued down to the ninth century or later. Under the decayed 
feudal state which preceded the French Revolution domestic subordi- 
nation, especially among the aristocracy, ,vas still such that Cbatean- 
briancl says, "l\Iy mother, my sister, aud myself, transfornled into 
statues by my father's presence, only recover ourselves after he leaves 
the room; " and Taine, quoting Beaumarchais and Bretonne, indicates 
that this rigidity of paternal authority was general. Tben, after the 
Ite,"olution, De Ségur writeF:, "Among our good forefathers a man 
of thirty was more in subjection to the head of the family than a child 
of eighteen is now." 
Our o\\' n history furniBhes kindred evidence. Describing the man- 
Ders of the fifteenth century, 'V right saYA: " Young ladies, even of 
great fanlilies, were brought up not only strictly, but even tyrannical- 
ly. . . . The parental authority was indeed carried to an almost ex- 
travagant extent." Do\vn to the seventeenth century, "children stood 
or. knelt in trembling silence in the presence of their fathers and 
mothers, and might not sit without })errnission." The literature of 
even the last century, alike by the deferential use of "sir" and 
" marlam " in addressing parents, by the authority parents assun1ed 
in arranging marriages for their children, and by the extent to \vbich 
sons, and still more daugbters, recognized the duty of accepting tbe 
sponses chosen, shows us a persistence of filial subordination propor- 
tionate to the political subordination. And then, since the beginning 
of this century, along with the immense development of industrialism 
and the correlative progress toward a freer type of social organiza- 
tion, there has gone a marked increase of juvenile freedom; as shown 
by a grf1atly moderated parental dictation, by a mitigation of punish- 
ments, and by that decreased formality of domestic intercourse which 
bas accompanied the changing of fathers from masters into friends. 
Differences having like meanings are traceable between the more 
militant and the less n1Ílitant European societies as now existing. 
Along with the relatively-developed industrial type of political organi- 
zation in England, there goes a less coercive treatment of children 
than in France and Germany, where industrialism bas modified the 
political organizations less. Joined with great fondness for, and much 
indulgence of, t he young, there is in France a closer supervision of 
theIn, and the restraints on their actions are both stronger and more 
nnnlerous: girls at home are never from uncleI' maternal control and 
, 
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boys at school are subject to military discipline. Add to 

hic-b tbat 
parental oversight of marriageable children still' goes so far that little 
opportunity is afforded for choice by the young people thenlselve
. 
In Germany, again, there is a stringency of rule in education allied to 
the })olitical stringency of rule. As writes a Gern1an lady long resi- 
dent in Englarid, and experienced as a teacher: "English children 
are not tyrannized over-they are guided by their parents. Tbe spirit 
of independence and personal rights is fostered. I can therefore un- 
derstand the teacher who said he would rather teach twenty German 
[children] than one English child-I understand him, but I do not 
Eynlpathize with him. The German child is nearly a slave compared 
to the English child; it is, therefore, more easily subdued by the one 
in authority." 
Lastly come the facts that in the United States, long characterized 
by great development of the indu
trial organization little qualified by 
the nlÏlitant, parental government has become extremely lax, and 
girls and boys are nearly on a l)ar in their positions: the independence 
reached being such that young ladies often form their own circles of 
acquaintance and carryon their intimacies ,vithout let or hinderance 
from their fathers and mothers. 


As was to be anticipated, we thus find a series of changes in tIle 
stat'us of children parallel to tbe series of changes in the status of 
'wo n1 en. 
In archaic societies, without Ia,v and having customs extending 
O\- er but some parts of life, there are no lilnits to the powers of 
parents; and the passions, daily exercised in conflict '\vith brutes or 
men, are restrained in the relations to offspring only by the philopro- 
genitive instinct. 
Early tIle needs for a companion in arms, for an avenger, and pres- 
ently for a performer of sacrifices, add to the fatherly feeling other 
motives, personal and social, tending to give som('thing like a status 
to lunle children; but leaving female children still in the same posi- 
tion as are the young of brutes. 
These relations of father to son and daughter, arising ,in ad "anced 
groups of the archaic type, and becoming more settled where pastoral 
life originates the patriarchal group, continue to characterize societies 
that remain predominantly militant, whether evolved fronl the patri- 
archal group or otherwise: victory and defeat, which express tbe out- 
come of militant activity, having for their correlatives despotisn1 and 
f;la \yery in nlilitary organization, in political organization, and in 
domestic organization. 
The status of children, in common with that ot women, rises in pro- 
portion 38 the compulsory coöperation characterizing militant activi- 
tie
 becomes qualified by the voluntary coöl)eration characterizing 
industrial activities. We see this on cOID1)aring the most militant Ull- 
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civilized peoples with others that are less militant; we see it on com- 
paring the early militant states of existing nations with their later 
more industrial states; we see it on comparing nations that are now 
relatively militant ,vith those that are now relatively industrial. And 
,ve are especially shown it by the fact that in primitive uncultured 
societies which are exceptionally peaceful the status of children is 
exceptionally high. 
1\Iost conclusively, ho,vever, is this connection shown on grouping 
the facts antithetically thus: On the one hand, savage tribes in gen- 
eral, chronically militant, have, in common with the predominantly 
militant great nations of antiquity, the trait that a father has life and 
death power over his children. On the other hand, the few uncivil- 
ized tribes which are peaceful and industrial have, in common with 
the most advanced civilized nations, the trait that children's lives are 
sacred, and that large measures of freedom are accol'ded to both boys 
and girls. 


... 


11.IAGIN A TION.! 


By DR. ELLIOTT CODES, U. S. A. 


L ADIES AND GENTLEDIEN: Amid the asperities of the great 
political crisis which has convulsed a nation, it is pleasant to 
find the elegant repose of a salon where culture and refinement stand 
like sleepless sentinels on guard against dissension; and in the Len- 
ten season-when the fugitive madrigal of society is hushed in tbe 
Dleasured cadence of tbe penitential psaln1, and the brilliant poppies 
of fasbion grow pale in the shadow of the palm-it is meet t.hat 
thought should turn from outward things to the contemplation of 
those "\vithin. 
The fe,v moments during which an unworthy member of the 
Society is indulged to-night will be devoted to the consideration of 
Imagination as Olle of the intellectual faculties which, if common in 
some degree to all, is nevertheless, in its highest development, the 
rarest, loost precious, and most splendid, of human endowments. I 
need 11ot-1 shall not-be coldly critical now, nor seek to bend your 
judgment to my will; for I must speak my aspirations, not my per- 
sonal experiences, and move you from the heart, or not at all. The 
subject bids defiance to the tranlnlels of custom or precedent, and 
,vill be bound by 110 conventionality. 
For facts, as sinlply such, I dare say I have a great and growing 
contClnpt, perhaps l(\ss due to any familiarity I may have acquired, 
than to my habitual contenlplation of structures without reference to 
1 Read before the Literary Society of 'Vashington, D. C., March 17, 1877. 
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the materials of ,vhich tIley are COill})osed. The architect, not Ilis 
,vorkn1(>n-the plan, not the details of its execution-the t1csign, not 
the method8 of its accomp1ishment-thc
e are within the bight'r view 
to which illtelleetual insight may aspirc. Let us pay triùnte to the 
gifted poet who taught us to contrast the insignificance of a fact with 
the suhlin1e signification of a truth. Noone may imagine for a 
mon1ent that the imaginative faculty is an imaginary thing, or douht 
the reality of inlagination, because it is immaterial and immeasurable, 
inscrntaùle to the })hysical scnses, ullsusceptible of al1alysis or s).n- 
thesis, triable hy 110 test, overriding logic, outwitting philosophy, 
laughing at science-this Ï1nperious mistress of mind, this fertile 
mother of all art! 
This, that, and the other, of things unnumbered, material and 
immaterial, ,vise and otherwise, 11lake up the marvelous nlÏcrocosm 
we call Self-the world ,vhere, like tbe sun of the planetary system, 
shines the intellect ,vith }wrfect splendor. But, as the 
pectrum has 
dissected the solar ray, so has the understanding, by a process of self- 
inflicted vivisection that seems scarcely le
s th3n divine in its insight, 
pierced and resoh r ec1 the mysteries of its o,\\ru conlposition. 'Ye 
know that the lllind is a bundle of many fagots, the united strength 
of which can never be broken, though racked on doubt and l)ut to the 
wheel of despair-though cast beneath the car of superstition, or 
consigned to the nether millstone of inhunlan persecution. "T e know 
that these Jnental fagots are of niany kinds-sturdy oak of tll(
 
scientist, pliable ash of the schoolman, sail-bearing pine of the posi- 
tivist, cypress of pessimist, rose-wood of optimist, heart-wood, it may 
be, for all of us ; and the one mysterioJ1s piece, so like and yet 80 
unlike them alL Let the rest season, nay, even blacken: this one is 
changeless and eyer-enduring, as fresh and as green as if cut but 
to-day from the parent stcm; it buds on forever, like a wonderful air- 
I)lant whoHe tendrils find nourishment wherever there is sensitized 
atmosphere, and needs the grosser nurture of no vulgar mould; this 
veritable IIamamelis, witch-hazel of the mental sheaf, fitly styled the 
" divining-rod;" for this is the magic wand of the scul})tor, the 
painter, the poet, the singer, the seer alike! 
Technical dcfinition of the imagination may be found in the dic- 
tiona!ies of all civilized languages-those monuments of learning and 
labor which conI pel the most profound respect, while tl1ey excite tbe 
liveliest emotions of gratitude alld sympathy for the nlen W}10 were 
born to erect them. But tllC conventional label of the imaginative 
faculty need not be recited before this Society; nor need I enlarge 
upon its nlanifest inadequacy beyond the requirenlents of formalism. 
Definition is, or should be, diagnostic description; but in what terms 
may that be described which exists only in imagination? Definition 
implies limitation and boundary; the gist of the term is the setting 
of corner-stoncs; but how measurc off and survey that .which is 
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bounùless? No syllogisrll is C0l11petent here. Let imagination seek 
its own conclusions, with strong white wings that Jnelt not even 
in the dazzlinCl' liO'ht and heat of its o'vn g lorious achievements. 
b b 
What care I for the crutch of logic here, or any .Ariadne's thread in 
a labyrinth of verbal niceties! Enthusiasm bears too hard upon the 
check..;rein of sober reflection; fancy leaps lightly; ecstasy beckons, 
and the lotos is waving over the still, cool ,vaters of my judgment. 
Hut expression nlay lawfully seek even the pinnacle of rhapsody, for 
naught but superlatives are fitting for that which is beyond com- 
parIson. 
1Ve can but imagine the pObsibilities of this attribute of intellect; 
as its peculiarities deny comparison, and its procesE:es scrutiuy, so do 
its powers defy cOlnprehension. But what of its effective operation 
and nlanifest results? 1Vhat of its purposes and pleaEures-of its 
pangs and penalties? r\nd what, alas! of its l}erversions? Of these 
,ve know s0111ething, if not from our o,vn experience, then frolll the 
teachings of the consummate masters of expression \vhose thought- 
laùen voices strike home-or, should they pass over our heads, leave 
U:4, at least, in no doubt that something has gone over. 
To a practical point first: one exceJIent and most useful purpose 
which the imagination subserves at the hands of tbe gifted few ,vhorn 
the higher development of this faculty makes leaders of thouglJt and 
\vatchful guardians of human progress, is, to put men of science on 
their proper level, and to teach them to kno,v their place. 
As this lnay possibly be considered-by SOine of my friends whose 
generous appreciation of my efforts in scientific lines of inquiry may 
blind them to the slightness of my acquirements-to be rather a 
ticklish position for nle to assume, let me fortify ,,
ith authority as 
well recognized in literature as is that of the sinewy, daring, and 
brilliant gladiator of the scientific arena who stigmatized poetry as 
"sensuous cater,vauling." 1 It has been perceived and said, in snb- 


1 Although, in the sphere of imagination, "facts" are apt to be. re
arded as trouble- 
some and impertinent, and looseness of statement as only a very venial transgression, 
yet, for the benefit of tbose readers who care for accuracy, it may be stated that the 
author of this celebrated phrase, that has given so much offense to artistic and poetic 
minds, did not use it in tbe manner here stated. Prof. Huxley has never, 
s we are 
aware, "stigmatized poetry as sensuous caterwauling." It \Vas not poetry itself, but 
only some poetry, to which he applied this eminently felicitous epithet; and if ,V ords- 
worth were liying, he would no doubt cordially indorse it. \Ve give the memorable 
passage, as it will bear frequent repeating.-(ED,) 
U In thepc times the educational tree 8eems to have its roots in the air its leaves and flowers 
in the ground; and I confess I ehould very much like to turn it upside down so that its roots 
mig-ht be solidly imbedded among the facts of Nature, and draw then
e a sound' nutriment for the 
foling-e Bnd fruit of Uterature and of art. No edncational system can have a claim to permanence 
unless it recognizes the truth that education has two 
reat end8 to which everything else must be 
subordinated. The one of these is, to increase knowledO'c. the other i8 to develop the love of 
right and the hatred of wrong. b , , 
U With wisdom an
 I1prightne8s a naUon can make its way wortbi1y, and Beauty wlU foHow in 
the footsteps of the two l even if 8he be not specially invited; while there is, perhaps, no sight i
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stance, that the great scientists and the great artists are in really 
closer brotherhood than many suppose-they hold divided s'way over 
luuch common ground; it is only a seeming paradox, that fe\v dis- 
coyeries in science, perhaps no great ones, have been made without 
tbe exercise of the imagination, or of some faculty so nearly like it 
that distinction bet,veen thenl is difficult; for the line which separates 
the operations and results of imagination from those of ina nction iB 
obscure. Ratiocination is the twin-brother of imagination. Tile 
apple tbat Eve plucked, and the apple that N e,,
ton sa\v fall, grew 
on the same tree. 
But to my intrenchment: "Poetry," says one ,,,ho understood it, 
" is the first and last of all knowledge-it is in1mortal as the heart 
of n1an. If the labors of the men of science should ever create any 
material revolution, direct or indirect., in our condition, and in the 
Ï1npressions which we habitually receive, the poet will sleep then no 
more than at present; he ,vill be at the side of the man of science, 
carrying sensation into the midst of the objects of science itself. 
The remotest discoveries of the chemist, the botanist, the mineralo- 
gist, ,viII be as proper objects of the poet's art as any upon which 
it can be employed, if the tÏlne should ever con1e \vhen tbese things 
shall be familiar to us, -and the relations under which tbey are con- 
tmnplated by the fonowers of the respective sciences shall be mani- 
festly and lxtlpably nlaterial to uS as enjoying and suffering beings. 
If the time shoulù ever come \vhen what is now called science, thus 
familiarized to m
n, shall be re'ady to put on, as it were, a form of 
flesh and. blood, then the poet will lend his divine spirit to aid tIle 
transfiguration, and ,vill'\velcome the being thus produced as a dear 
and genuine innu1te of the hous'ehold of men." 1 
This utterance of half a century ago seems like prophecy now 
when the presaged changes are inlminent. The conflict may never- 
theless be protracted as long as either contestant is blinded to the 
real strength of his antagonist-senseless though it be to attempt the 
impossible divorce of the material from the immaterial, of matter 
from force, of the body from the spirit-that would be death. And 
it is the physicist himself who is loudest to proclaim th3:t, Witllout the 
force which gives motion to material particlcs, there is no light, no 
Ilcat? no lifc. 


the whole wor1d more 8Rddening and more revo1ting than iB offered by men Bunk in ignorance of 
everything- but what other men have written-8eemingly devoid of moral belief or guidance, but 
with the sell Be of beauty BO keen, and the power of expression BO cultivated, that their sensuous 
cnterwauling may be almoBt mistaken for the music of the sphereB. 
U At present, education is almost entirely devoted to the cultivation of the power of expression 
and of the sense of literary beauty. The matter of having anything to !'iIsy beyond a hash of other 
people's opinions, or of p08sessing any criterion of beauty, 80 that we may distinguish between 
the godlike and the devilish, is left aside as of DO moment. I think I do not err in 8aying that. 
if science were made the foundation of education, instead of being, at most, stuck on as a cornice 
to the edifice, this state of things could not exist." 
1 Quoted from E. C. Stedman's U Victorian Poets," the page where'Vordsworth is 
tllU2 reproduced being further laid under contribution. 
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IIcre I woulll lOe!)Cat ,yith elnphasis, what I intimated in the 
beginning, that the microscopic eye .which pecrs too long and. too 
intently upon the motes of facts w.hich play in th
 sunbea1l1, ,vill be 
blinded to the force and beauty of the truths which both the Inotes 
and the beam conspire to annOUllce. 
In thus insisting upon the intimate relationßhips which I believe 
subsist between the offices of the imaginative and those of the reason- 
ing faculty, I must not be 111isunderstood. to depreciate or disparage 
the mighty prowess of tlJe latter, which I love to contemplate. Pure 
reason, as expressed.-I had nearly said sYlnbolized-in tl1e simple, 
faultless syllogisln, has J10thing to fear from the sovereignty of the 
imagination. It is beautiful and. fearful to see that clear, cold, naked. 
blade, gleaming ,vith steel-blue temper, resistlessly incisive-to see 
it cleave ,vith equal ease the solid ingot of ignorance and the gossa- 
mer web of illusion-to see it work like a giant steam-hammer, 
smoothly, noiselessly, and irresistibly, whether its power be adjusted 
to the cracking of an egg-shell of superfine subtilties, or the forging 
of the massive links by which it is anchored secure in a storm of 
error. Yet this Titan is not omnipotent; its powers are limited; and 
it is precisely at the point where rea80n hesitates that the office of 
imagination begins. The higher faculty takes up the story ,yhen 
reasou omits to point the moral, and adorns the tale that Nature tells 
to Inan. It brings her seeming discords into one grand harmony, 
and crowns the noble shaft of Science ,,
ith the immortal ,vreath of 
. 
Art. 
I speak of imagination in its fuII developlnent, and in the truest, 
highest, and best sense tbat the tern1 can bear; and I am reminded 
here to draw a broad, even if a devious and uncertain, Hue of dis- 
tinction between this splendid faculty and mere Fancy-a pert J\Iiss, 
whose wills-o'-the-,visp are too often mi8taken for the head-light of the 
in1agination. I will not weary you ,yith over-nice fonnalities of defi- 
nition in a case where shades of difference blend. I{now, by their 
fruits, that fancy is a parody on imagination. The play of fancy is 
quips and quirks and airy nothings, and tbe whole mob of littlenesses 
we call smart ana clever. The working of imagination breathes life 
into 111arble and canvas, inspires the dr
una, the poem, the symphony, 
and vivifies systems of religion. 
What faculty but the imaginatiye can conceive, what but the 
powcr of the imagination itsclf can convey, the full meaning of t}lis 
soul of genius? _ It is. creative; and, "Then this is said, expression 
falters by the "'
aysidc of anticlimax. If theloe be within us one single 
spark of the divine fire, this spark it is that sends "the 10nO' lio-ht 

 0 
shaking" from pillar to pillar of the temple that the lesser god of the 
imagination rears to a God eternal, till it irradiates the shrine where 
all men sooner or later must kneel in devotion' and ,ve who now 
, , 
gaze wistfully.at the veil ,vhicb screens the inner sanctuary from eyes 
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profane, may yet be pern1Ïtted to kiss the hem of a seamless garment. 
Oh, the searching, the fhr-reaching insight of the epigram, "If there 
he no God, man mu
t invent one!" Invention, conception, imagina- 
tion, creation, are synonynlous, and in one sense convertible terms.! 
The pleasures of the imagination-if so slight an expression may 
hint at a meaning, the fullness of which is rapture or transport-are 
manifold, and too manifest to require subtilty of discrhnination for 
their recognition and explanation. These are among the things of 
blessed memory, of blissful hope, and among. those the reality and 
universality of which are confirmed by all experience. Even those 
,vho cuddle tbe bantlings of their fancy, in the fond delusion that 
they nurture the offspring of the fertile mother, feel som(nvhat of the 
charm indescribable. \Vhat, then, the serenity, wbat the majestic 
repose, of the creators of thought after their labor, 'we may only 
faintly imagine. 
'Yhat of the pangs and penalties now-what of the price to be 
J)n.id for this power? To bring forth in travail was not tbe sentence 
of one-half the human race alone. There have been those, indeed, 
like Raphael, 'who have wrought the nlÏracles of imagination in tbe 
sunshine of the heart, to sweet music of the soul; but oh, so fe,,"P' 
escape the throes of thougllt-birth! Physiologists tell us of a certain 
mental process they call" unconscious cerebration." The operation 
of the imagination unconscious of labor is better known by another 
name-inspiration; its expression is revelation; its mouth-piece the 
seer. But rare clay, and only the finest, incases such spirits; men 
must work in the storm, in sorrow' and suffering, each to his measure 
of creative ability. Let' us never forget, in the terrible struggle for 
expression, that it is given to lips which press the sword of pain to 
speak to fellow-men the words" Go thou up higber ! " . 
I crave your indulgence for one otber thougbt. Authority and 
re8ponsibility go baud-in-hand with equal pace. The measure of 
creative ability is the measure of accountability for its exercise, and 
the measure of the penalty wbich perversion of the godlike faculty 
entails. Like every other energy in Nature, the imagination is equally 
potent for good and for evil. Let the bravest man tel
 me he never 
shudders when he looks within, at the possibilities there disclosed. 
There is power to make this earth seem nearer heaven or hell. 
"'rhose rebellious imagination conceived it were better to reign belo,,; 
than to serve above? Sound is as fun of discord as of harmony. 
Light may blind us, or guide U8 on our way. Heat constructs and 
heat destroy
. The dual nature of every force wars with its Opl)osite. 
The imagination is equally potent to sanctify and to pollute. Guard, 
then, this gift with fear and trembling; great issues depend upon this 
most powerful, most perilous, and most precious endow'ment of the 
intellect. Not like the victor in history need we sigh for ot1)er 
1 " In seinen Göttern malet òich der Mensrh."-GoETHE. 
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worlds to conquer, if we Illove the world of the imagination to the 
enùs of truth and beauty; for a greater triulnph is ours then, and the 
soul lIlay leap at the inward shout, " Victory! vic
ory! conquest of 
self! " 


. .. . 


A PIIILOSOPHICAL EMPEROR! 


By CALVERT V.-\ UX. 


A 'l' our last meeting ,ye listened with keen interest to all 1\lr. 
Lewis had to say about the Emperor Justinian; and his dra- 
lnatic presentation of the subject cannot fail to leave a })ermanel1t 
irupression on our minds, in regard to the life of tbis conspicuous 
exaluple of a bad type of ROluan. Selfish and sensuous, remorseless, 
bloodthirsty, energetic, full of vitality, a barbari.an at heart.; repulsive 
in his theories, odious in his practices, true to the 'VOlllfiU be cho
e 
with an accurate instinct as his lllate-not as ,vife or nlother, or ,vith 
any respect for the sex to which she belonged, but rather as an ex- 
aggerated exception to every idea that ,yas then, and is no,v, current 
in regard to what a woman ought to be. There ,vas nothing attl'ac- 
ti ve or genial in the life of either Justinian or Theodora; and, so far 
as this forcible sketch allowed us to form an opinion, we ,,-ere unahle 
to discover any suggestion in the so-called civilization of the period 
that would be likely to help us in these times. 
Imperial nome, at the beginning of the Christian era, may of 
course be viewed froln a different standpoint; and it seems to TIle 
worth while to-night to follow' the cle,v that is given us by t.he writ- 
ings of another I
olllan eluperor, JUarcus Antoninus, ,,
ho began his 
rcign in the middle of t1)e second century. 
'Ve do not depend here on any exaggerated history, or on a nar- 
rative full of misstatements, of the biased and interested kind, tbat 
appertain to the work of a conten1porary reporter; Inlt we haye the 
clean words of the man himself," p
lblished, and not published," as 
Aristotle saill of his own 'writings to Alexander, who expressed a 
di
taste to having such exquisitely suhtile brain-work scattered broad- 
cast in the COlnlno
 highway, 'where it might be picked up by any- 
body. The volume seems to be a commonplace book, matle up of 
notes that bave no special connection with each other in the pages on 
which they happ'en to stand, but are very dçfinitely related in the 
se( l uence of l1100cls that occur to the writer. It would indeed be 
, , 
interesting to collat.e the scattf'red beads of similar color, and gronp 
thcln togetllcr. 


1 "Marcus Aurelius Antoninus," a paper read before the Kew York" Fraternity 
Club. n 



+62 THE POPULAR SCIENCE .JIONTHLY. 


'Vhen tbe Japanese embassadors visited the United States-, it was 
remarked that the manners of the IllOst refined-men among them "rerc 
essentially European or American, if -we choose so to state it; not 
that they were in the smallest particular borrowed or assunled, but 
because there is a logic in the culture of the human being, that Lrings 
about the same results an the "
orld over, 80 far as manners arc con- 
cerned. The sty Ie of J\larcus Antoninus has this cosmopolitan air. 
He seems to have been the really complete ideal of a cultivated man; 
and his ways of thinking, his methods of expression, his social views, 
his manners, in fact, are correspondingly broad. 
He would be at home in any century; but in none so completely, 
it seems to me, as in the nineteenth. Yon long to hear of his intro- 
duction to Darwin and Spencer, and feel that the conversation would 
gro,v interesting at once. The deeply-rooted doctrine of special cre- 
ation is, ,ve kno\v, now losing force day by day, for all ,,-ho have the 
opportunity to become acquainted with the current results of scientific 
investigation, even in a superficial, popular 'way. The invention of a 
l11aturcd animal is seen to be inconceivable, because all the facts that 
appertain to the idea of maturity are so definitely associated ,vith the 
recognition of advancing age, that the conceptions are found to be 
inReparablc. One of the scientific puzzles has therefore been to ac- 
count in an intelligent manner for the different phases of life that 
occur from age to age; to Ruggest, as it were, some positive vehi{'le 
,vhose duty it has been to carry along the sequence of inflnences from 
generation to generation. Drapèr makes a suggestion in this direc- 
tion, and points out that the air we breathe is the grand receptacle 
fron1 which all living things come, and to which they all return. It 
is, he says, the cradle of vegetable, the coffin of aninlal1ife: made up 
of atoms that have once lived, and that have run through innnn1er- 
able cycles of change, its particles await their turn for further re- 
organization. A corresponding thought also appears to have passed 
through the mind of Antoninus; not, of course, precisely in the same 
form, but there is an intelligible hint of tbe idea in the following sen- 
tence: "If souls continue to exist, how does the air contain them froln 
eternity? " , 
Every era has what may be caned its fashionable real problem for 
discussion. Sometimes it is ethical; at others, mechanical; or it n1ay 
be artistic. 
The recognition of a process of development in all things-or, as 
it is wen termed, "evolution "-is the essential natural la,v ,vhich 
seems just. now to be the important centre of scientific interest; ana 
it may almost be said to be an outgrowth of the present decade. Yet 
in our author "re see the same kind of yeast fern1enting, and becon1Íng 
an incisive statement in appropriate words. "Observe constantly 
that all things take place by change. Accustom yourself to consider 
that the nature of the universe loves nothing so much as to cl)3ng
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the things which are, ana to make ne\v things like theIll. For 
everything that cxists is, in a manner, the seed of that which will be, 
and to think only of I5ceds that arc cast into the earth, or into a 
,vomb, is a very vulgar notion. . . . In tbe series of things, those 
which follo,v are always aptly fitted to tbose which have gone before; 
and thc thinO's which come into existence exhibit no mere succession, 
D 
but a certain wonderful relationship. . . . Yon exist as a part; you 
",-ill disappear in that ,vhich produced you; or, rather, you "rill be 
received back into its sen1Ïnal principle by transmutation. And, by 
consequence of such a change, I too exist, and those who begat m
, 
and 
o on forever in the direction of the past; for nothing hinders us 
from saying so, even if the universe is administered accorùing to defi- 
nite periods of revolution." 
Although habitually thoughtful and theoretical, his main desire is 
to be equal to the ,york of the day, whatever it l11ay be. He expects 
to lneet ,vith opposition, as a matter of course, and tries to be always 
light-arlued, cheerful, and ready for a run to tbe 'nearest sumn1Ït, from 
'which a ne\v view D1ay be obtained. 
His experience sho,vs the ilnmense advantage of good fortune, 
when crystallized in the form of a liberal, far-reaching education; and 
one feels that to produce a man so cool, complete, and n1any-sided, 
none of his advantages were ]eEs than be required. The in
tinct that 
suggests the possession of wealth as a desideratulll to nine-tenths of 
the. race, finds here a sufficient defense. 'Ve W:ll t to have leisure, 
opportunity, plenty of right to occupy other people's tin1e, and plenty 
of time to exercise our rights. In Antoninns ,ve find a man, an em- 
peror, ,vho has been liberally brought up from the first; who con- 
fesses to having always had everything good under the sun; ,,-ho 
complains of nothing in bis personal experience; and who is as far as 
possible from repeating the words of his Oriental predecessor, "V an- 
ity of vanities, all is vanity." Nothing of the kind appears in his 
notes. lIe is a shrew'd, busy, responsible man of the ,vorld; always 
giving orders and attending to the details of his position. lIe is, of 
course, ncyer free from the influence of flatterers, hypocrites, and 
time-servers. lIe is exposed to selfish, baneful influences, as every 
emperor must be, but he is equal to the emergency; hil8 self-respect 
encourages hilll constantly to"draw the line between his own and other 
people's experiences, and to keep his o,vn unconfused. He is tenlper- 
ate ana silnple in his l)ersonal habits fronl taste and from princip1e. 
When the Russian Emperor Nicholas, who was a n1ilitary chief in 
the fullest sense, visiteà England, he took his iron camp-bedstead 
into every palace that "
as placed at his service. The Duke of "r el- 
lington had the same habit to his dying day, his bedroolll being a 
bare antI almost unfurnished apartment. Antoninus had this soldier's 
cU'3tom, but" he loved temperance for its elegance, not for its auster- 
ity." It is possible, he says, for a nlan to live in a palace without 
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,vanting either guards or embroidered dresses, or torches and statues, 
and sueh-like show. It is, in fact, in such 11, man's po.wer to bring 
himself very nearly to the fashion of a private person, without being 
for this reason either ll1eaner in thought or ll10re ren1Ïss in action ,vith 
respect to the things which must l)e done for the public interest in a 
manner that befits a ruler. He doubtless received a forcible influence 
in this direction trom his uncle, the emperor who preceded him, in 
regard to whom he says: "The things which conduce in any way to 
the commodity of life, and of which fortune gives an abundant sup- 
ply, he used without annoyance, so that. when he bad them he enjoyed 
them without aflectation, and, "Then he had them not, 11e did not ,vant 
theln." 
He appears to haye been himself at an early age a hard student, 
to have adopted a plain, coarse dress, and to have lived a laborious, 
abstemious life. He ,vas of a winning nature, and had a great nflec- 
tion for his teachers, who .were numerous, and all eminent in their 
several professions. His uncle a1Íd adoptive father, Antoninus Pius, 
a truly noble m3n, gave by his example the key-note to many points 
in the character and taste of J\larcus. JIe studied Jaw carefully to fit 
himself for the high place be was destined to fill, and of course 
learned the Roman discipline of arms. He abandoned the studies of 
}}oetry and' rhetoric advisedly; not from any lack of appreciation, lnlt 
partly hecause he ,vas made a"Tare that his gift did not lie in that 
direction, and partly because he found these studies too fascinating 
for a young lllan with the re
ponsil)ilities before him that he expected 
to assume. 
Although he hegan his reign a century and a half after the birth of 
Jesus, it i8 evident that he is unaware of any influence that has been 
brought to ùear on his own mind that may be traced to this source. 
" A soul," he says, "should be ready at any mOll1ent to be separated 
fronl the body, to be extinguished, or to continue to exist; but tl1is 
readineRs should come from a man's own juc1gnlent, not from mere 
obstinaC'y, as with the Christians." 
There is, according to Leslie, sufficient evidence that he did not 
prevent, as he nlight have done by direct edict, a })ersecution 
f 
Attalus and other Gallic Christians in tbe year 177. In his time the 
opposition between the old and the new belief was continually gro"
- 
ing'stronger, ana tbe adherents of tIle heathen religion urged those in 
authority'to a more regular resistance to the invasions of the Christian 
faith. It nlu
t of course be remembered that the Christians thenl- 
selves maintained that all beathen religions 'were false, and openly 
opposed the heathen rites; thus making a declaration of hostility 
against the. Roman Government, which tolerated all the various forms 
of superstitious worship that existed in the empire, ana tlJ3t could 
not consistently leave unrebuked an intolerant religion, which declared 
that all the rest ,,"ere false. The rules against the Christians "Tere 
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maùe in the tilne of his predecessor, Trajan; and his own powers 
were, doubtless, lin1Ìtetl by constitutional forlns. 
Alllong his acknow ledgnlent
 to his teachers and. friends, he nH:n- 
tions that he learned fronl his governor to be neither of tIle green nor 
the blue party at the gall1eS in the circus (
howing that the feud was 
in active force at the 
inle); also endurance of labor, to ,vant little, 
to work ,vith his own hands, nût to meddle with other people's affairs, 
and not to be ready to listen to slander. "From Rusticus," he says, 
" I learned not to L
 lotI away to Eophistic emulation, nor to be writ- 
ing on speculative matters, nor to deliver little hortatory orations, 
nor to be showing nlyself off as a nutn who practises much discipline." 
From the same teacher he also learned not to ,valk about the house in 
his out-door dress, and, as he says, "to write my letters with sim- 
plicity, like the letter Rusticus himself wrote irom 8inuessa to my 
mother. " 
He appears to have been a Stoic, and thanks one of his tutors for 
introducing him to Epictetus; but he had none of the harshness, in- 
differ
nce, or self-assertion, that has become associated with the idea 
of Stoicism-perhaps a little unjustly, although there is always some 
ground for a good, ,vholesome prejudice against such a representative 
word. 
For Ilis wife, Faustina, he expresses great admiration. Neither 
she, however, nor her Inother, ,vho had the same name, succeeded in 
prese}'ving a character unspotted from attack by the hi
torians; and 
if his wife deserves the criticisms that are extant (of second-rate au. 
thority, ho,vever, Leslie says), even the Theodora tbat Prof. Lewis 
has given us so vivid an account of was hardly D10re vicious In 
taste, or reckless in practice. Swinburne has chosen her name as the 
key-note for a tour de force, and n1akes it the lay-figure on which to 
drape forty versos, in each of which the second line rhymes with 
Faustine. She seems in the poem to be closely related to Poe's Leo- 
nore, who was eliminated (the author tells us) out of his personal con- 
sciousness in accordance with the logical rules of imaginative and 
I'll ythmic art. 


" You have the face that suits a woman for her soul's screen, 
The sort of beauty that's called human in hell, Faustine. 
You could do aU things but be good or chaste of mien, 
And that you would not if you could. 'Ve know Faustine." 


. His individual. view "of domestic life must, however, count for 
luuch, even in opposition to Swinburne. lIe says: "I thank the gods 
that, though it ,vas my nlotbcr's fate to die young, she spent the last 
years of her lite ,,
ith me; that I have such a wife, so obedient, so af- 
fectionate, and so sin1plc; aud tJ)at I had abundance of good nurture 
for my children." 
It is, perhaps, fair enough for the teacher to say that faith is best 
VOL. XI.- 30 
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8bown by works; but the interesting 3spect of any faith is best 
sbown by the theory involved, the intellectuàl idea], tbe point aimed 
:It, the sweep of the curve; and \ve are at no loss for information of 
this kind with regard to Antoninus, although there is but little record 
of his personal practice. His faith, as a man of the 'world, was in a 
good, social habit of life; in active, industrious, kindly coüperation. 
He believed in the present opportunity, in its duties especialJy. Enjoy 
life (he says) by joining one good thing to another, so as not to leave 
even the smallest interval between; and make your acts refer to noth- 
ing else than to a social end-not forgetting that tIle kinship is close 
between every man and the whole human race, .which is not a com- 
munity of a little blood or seed, but of intelligence. 
Although an emperor, he ,vas, therefore, in a certain sense, a very 
good republican; and he argues that we ought to propose to our- 
selves an object in life that shall be of a socially political kind, and 
actually stigmatizes any thought that tends to destroy social union as 
one of four principal aberrations of the superior faculty. lIe has an 
appreciative sense of humor that would easily become grim, if the 
whole soul of the man were not basked in sunshine, and full of good- 
tenlpered acquiescence in the mysterious chances (as they seem to be) 
of Providence. Heraclitus, he says (after so many speculations on the 
conflagrations of the universe), was filled with water internally, and 
died smeared over with mud. 
He then gives seyeral other equally unto,vard illustrations, and 
proceeds quite cheerfully to dra,v his moral and urge a constant 
readiness to close the voyage of life. 
The defect in his rarige of ideas is in the direction that might be 
anticipated-in the too great detachment find isolati
n of the purely 
mental capacity. We do not find a con1preh
nsion of the close and 
intimate connection between nlaterial and inlmaterial (amounting to 
identity so far as personal ex))crience 
s concerned), ,vhich has been 
established by modern scientific research. An undue prominence is 
given to the po"Ter of individual will in the direction of self-control 
and the avoidance of evil; sufficient allowance is not made for human 
nature-that is, the exaggerations of passion, appetite,. or, in general 
terms, of temperament. There is, however, no suggestion of pre- 
judice, no shallow closing of the avenues through which fresh infor- 
lna.tion may come, and one feels that ,vhen 'with our nloc1crn oppor- 
tunities for inyestigation it does come, the fre
h Ftatenlcnt is in 
harmony ",-ith what has preced
d it in the definitions of Autoninns, 
which prove to be right as far as they go, but are ineonlP]cte. 
Although a ]()gician on principle, by natural gift
, and by con- 
stant practice, there is nothing pitiless in JlÌs logic. It \vould alnlost 
seem that he had been aware of the hardness that so easily accom- 
panies the power to state with precision a sequence of cause and effect, 
and he choose:;1 rather to show how easy it is to prove logically that 
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a charitable view lllay be taken of the evil doings of others. lIe says, 
for example: "'Vhen a man has presented the appearance of having 
done wrona- sa y how can I be certain that this is a wrongful act? 
0' , 
Anù even if he has done ,vroug, ho\v do I know that he has not con- 
demned himself?" 
Ilis definition of t
e ,yay in ,vhich injuries should be met sho,YS 
the true Christian spirit. lIe urges as invinciùle the continuance 
of a benevolent disposition toward even the most violent, and rec- 
ommends that you "quiet]y admonish him and calmly correct his 
errors at the very tÏ1ne when he is trying to do you harm; saying, 
, Not so, my child, ",
e are constituted by Nature for something e]se; , 
and show him his error, with gentle tact, not with any double Inean- 
ing or in the way of reproach, but affectionately and without any ran- 
cor in your soul, not as if you were lecturing him, nor yet that any 
by-stander may adnÜre, but either when he is alone, or with caution 
as if he were alone." 
IIis style is not particularly elegant, certainly not poetic or imagi- 
native, but it has an intensely masculine quality, and its virile power 
of grasp is sufficient to insure to the thought:s of Marcus Antoninus 
a long future. 
"\Vhen an ethical principle is to be inculcated about ,vhich (,ve 
will assume) there is no differcnce of opinion, the appeal ,vill be 
made to one kind of intelligence by thinkers of the calibre of (let us 
say) George IIerhcrt, and to another kind by studious inquirers of a 
type which may be represented hy En1erson and Antoninus, about 
whom all that one can say in the ,yay of definition is that his appeal 
in each separa.te instance seems to be directly made without quali- 
fication or lhnitation, to himself, to you, to me, to every being ca- 
paùle of understanding the meaning of ordinary words. It is never 
special, but always general and in the direction of cbaracter 'which 
belongs, like the air, to every human being, and not in the direction 
of genius OJ" acquirement, ,,-hieh is owned like the earth by human 
beings very unequally. Take, for instance, the following quotations: 
" You say, nlcn cannot admire the sharpness of your ,vit. Bc it so. 
But there are n1any other things of which you can hardly say you are 
not formed for them by N aturc. Sho\v those qualities then which are 
altogcther in your po,ver, sincerity, gravity, endurance of labor, con- 
tentIneut with your portion, benevolence, frankness, freedom fronl 
trifling, magnftnin1Ïty. Do you not see how nIftny qualities you are 
inlmelliately able to exhibit in which there is no excuse for natural in- 
capacity and unntness ? " 
The nlost potent charm of the ChrIstian doctrine is in this (1irec- 
tion. It is adapted to the rich and poor, but chiefly to the poor; to 
the educated and uneducated, but very decidedly to the uneducated. 
Probably the philosophy of Antoninus, emanating, as it does, from a 
rich, unbanlpered experience, bears the marks of the ha.bitual sur- 
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roundings, and is mOI"e polished and metnphysical than it 'would have 
been if its author had been born in a hut; òut it is nevertheless al- 
\vays practical, and ,vhile clearly recognizing that there are inevitable 
limitations of human power, it lnakes a grand clainl for tbe possible 
capacity of human intelligence; it is not a S)Tstelll of in-door ethics 
that fails of efficiency ,,"'hen taken into the open air and exposed to the 
weather. Take, for example, 'what })e says of religion: "To those 
who ask, "Vhere have you seen the gods? how do you comprehend 
that they exist? ,vhy do yon worship them?' I reI)ly, in the first 
place, tbat they 1nay be seen even váth the eyes. In the second place, 
I have not seen my o,vn soul, yet I honor it; and in respect to the 
gods, from ,vhat I 'constantly experience of their power, I compre- 
hend that they exist, and I venerate them." 
Of immortality be says: "It hardly seems pos
ible that men who 
througb pioui acts bave been most intimate with the Divinity, ,vhen 
they die should be completely extinguished. But if this is so, rest 
assured tbat it ought not to have been otherwise; for, you see, in this 
inquiry you are disputing ,,'ith tbe Deity, who ,,"'"ould not have aJ- 
lo"yed anything in the order of the universe to be neglected unjustly 
and irrationally. . . . 
" Wait for death with a cheerful mind, as being nothing else than 
a dissolution of the elen1ents of ,vhich every Inlman being is com- 
})ounded. But if there is no harm to the elements themselves in each 
continually changing into another, why should a man l)ave any appre- 
hension about tl)e change and dissolution of all the elements; for it is 
according to Nature, and nothing is evil that is according to Nature." 
It may, of course, be claimed that he is an altogether exceptional 
m
n, and that bis .lofty views were un shared by his contemporaries. 
This, however, is not a sufficient explanation. 
In a note to one of 1\loore's songs we are told. that it was founded 
on this anecdote in Warren's" History of Ireland: " " The people were 
inspired with such a spirit of honor, virtue, and religion, l)y the great 
. example of Brien, and by his excellent administration, that as a proof 
of it we are informed that a young lady of great beauty, adorned with 
jewels and a cost ly dr
ss, undertook a journey alone from one end of 
the kingdom to the other, ".ith a wand only in her hand, on the top 
of which was a ring of great value; and such an impression had the 
laws and government of this monarch made on the minds of all the 
})eople that no attempt was. made upon her honor, nor was she robbed 
of her clothes and je,vels." "\Yhetl)er this history is true or not, there 
is no gainsaying the fact that it exi
ted in the po})ular Irish tl)ought, 
or it ,voulcl never have found expression. It requires a delicate and 
chaste imagination to conceive of such a legend, and the character of 
the people to-day See111S to justify us in ndlnitting its essential proba- 
bility. . 
These writings of Antoninus lnay he accepted in a sÌ1nilar senfie as 
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proof positive in regard to the good type of au inlperi
l nOlnan. The 
illeas could not have gro\\ n in an isolated ,vay on uncongenial soil; 
there rnust have been othcr good, imperial I{omans, and many of 
theln. lIe is a noble exemplar of his o,vn age, and ,ye learn through 
hirn to respect his contemporaries. lIe is al::;o interesting as a repre- 
sentatiye man in a more extended sense. lIe conlbines the cool, un- 
biased, intrepid spirit" of modern scientific inquiry with the earnest 
veneration of the llloralist, and the speculative curiosity and audacity 
of the llletaphysician. To-day ,ye find the scholars and poets a little 
out of sympathy with the scientific nlen, and the men of science 
declaring ,var against such doctors of orthodoxy as persist in stand- 
ing aloof on (what they think) intrenched ground. 
Antoninns seems to be habitually clear from prejudice or super- 
stition. ""'hen 110 makes a statenlcut it is evidC'nt that he is gi\"ing 
us his views as fully and freely as po

ible, without let or hinderanc(ì, 
and tl)is absence of partisanship constitutes the special charnI that 
8eems destined to give a freBh perennial interest to his monograph. 
The subjects he touches on are of universal value to a11 human beings 
"Then in a thoughtful nIood, and it seems very doubtful whether his 
pure ;lull forcible statements wiII ever lose their power, because they 
have been froIll the outset so thoroughly refined from all dross in the 
literary method of their presentation that it is hardly possible to 
conceive of any advance in culture that will leave them behind the 
age in this respect. 


... 


B.L1D ODORS I
 RESERVOIRED DRINI{IKG-W ATER.l 


FRO:M PROFESSOR S. A. LATTI
10RE'S REPORT. 


'I "I-IE citizens of Rochester ,,-ere much inclined to congratulate 
themsel ves-and ccrtainly on excellent grounds-"when they 
had brought ,,"'ater thirty n1Ïles from the crystal depths of IIemlock 
Lake for the use of tbe city. But last year, to the astonishment and 
disgust of the people, thcir water bec
nne so offensive as to give rise 
to grave apprehensions respecting its effect on public health. III 
October it suddenly began 'to "emit a peculiar fish-like odor, which 
continued until the fonowing December. It "ras a very natural sug- 
gestion that this odor mUHt be due to the presence of fish, ,vhich had 
somchow found their ,,"'ay from the lake into the main pipes, and 
thence into the ::;n1aller sC'rvice-pipes, wbere their progress had been 
arrested, and they were undergoing slow decomposition. It is wen 
known to those fan1Ïliar with the experience of other large citics, tbat 
I Abstract of a Report to the E"{ecutive Board of the City of Rochester, N. Y., on 
the Recent Peculiar Condition of the Hemlock Lake 'Yatcr-Supply. By S. A. Lattimore, 
Ph. D., LL. D., Professor of Chemistry in the University of Rochester. 
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similar annoyances are by no means uncommon else
rhere. . Regard- 
ing this ,ve learn that" not IOHg after the introduction of the Croton 
,vater. into K ew York, and of tbe Cochitsate water into Boston, the 
fish-like odor prevailed for some time to a Inost disagreeable extent. 
"
hile this odor is of lllOst fr
quent occurrence, others of very differ- 
ent cJlaracter are occasionally reported. Last year the TIradlee Basin, 
.which supplies a part of the water for Boston, becalne affected with an 
odor described as closely resembling cucumbers. None of the other 
ponds in the neighborhood were similarly affected. About the sall1e 
time the water of Springfield, 1\1ass., exhaled the odor of green corn. 
In 1874 the water of Cberbourg, France, became intolerable from 
an odor undistinguishable from that of a pig.sty. This same odor 
occurred last summer in IIol'n Pond, from .which East Boston and 
Charlestown are in part supplied. The odor of decaying 'wood i;; 
not uncommon, especially in early sUßuner." And, in response to a 
circular letter sent to the various citi
s of the United Stat
s and 
Canada, the author learned that the fish.like odor 'was far l110re )JreYR- 
lent than he had previously supposed, it having occurred in all the 
following cities: Concord, N. H.; I{eene, N. H.; llurlington, Vt. ; 
Boston, )lass.; Lowell, l\Iass.; Holyoke, l\Iass.; Brookline, l\Iass.; 
Springfield, 
Iass.; N e-w Haven, Conn. ; West l\1eriden, Conn.; New 
Britain, Conn.; IIartford, Conn.; Auburn, N. Y.; N e'wburg, N. Y.; 
Poughkeepsie, N. Y.; Trenton, N. J. ; York, Pa.; Baltimore, l\Id.; 
X orfolk, Va.; N ashvill
, Tenn.; and St. Paul, 
Iinn. 
In these letters reference is made to the cucun1 ber-odor, as having 
heen observed at Boston, Springfield, Holyoke, l\Iass., and at Pough- 
k
epsie, N. Y. In the majority of case
 the odor ,vas connected with 
the increase of temperature in the beginning of summer, auc1 con- 
tinued only for a week or two. In other cases it began in the autumn
 
and continued into the winter or early spring. The supply of the 
cities na.med is derived from ponds, lakes, anc1 rivers; l)ut it is inter- 
esting to note that there is no report of any fish-like odor in the ,vater 
of any city supplied fron1 the Great Lakes. These odors are ex- 
tremely volatile; boiling readily expels them, and they gradually es- 
cape ,vhen the water is exposed to tbe air. 
IIemlock Lake, in Livingston County, New York, situated thirty 
miles south of the city of Rochester, is about seven n1Ïles in lengt]1, 
and has an elevation of about 400 .feet a.bove the level of the city. 
The water is taken from the northern end of the lake, and conveyed 
in a large conduit-pipe a distance of nearly twenty miles to the main 
storage-reservoir in the town of West Rush; from here it is carried to 
the reservoir at 
Iount I-Iope, whence it is distributed to all parts 
of thQ city. "The difference of elevation between the storage and 
the distrihuting reservoirs is 115 feet, and renders it possihle, ex- 
cept in winter, to throw up the ,yhole volun1e of water, a.s it enters 
the l\lount IIope Reservoir, to a height of ahout eighty feet, thus 
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l)roducing a nlagnificent fountain, which is visible from all elevated 
points throughout the city. By this means the whole body of water 
is thoroughly aërated before it enters the distributing mains." 
The investigation, ,,-hich consisted of chell1Ïcal arialysis and micro- 
scopical exan1Ïnation, began December 14th. bamples of water ,vere 
taken fronl IIelnlock Lake, from the chief storage-reservoir, and from 
the city mains. The analysis, which was conducted with great care, 
indicated reularkable purity of the ,vater. It should, however, be 
noted that earlier experiments Inight have shown a different result. 
The microscopical investigation was also conducted with scrupulous 
care, and ,vith such precautions as to preclude the possibility of the 
escape of any important organism. The total quantity of foreign 
Inatter obtained was in each case surprisingly small-" a thousand 
gallons of water yielding not more than one or two grains of residue, 
a large proportion of which consisted of minute particles of clay and 
f'and." The facts obtained regarding the fish-like 0(101' were of curious 
interest. The san1ples of water taken from the lake and from the 
reservoirs were found to be entirely free from unpleasant odor, while 
the fish-like peculiarity was plainly perceptible in the water drawn 
from the ulain just before it entered the l\lount Hope Reservoir. rrhe 
odor increased in intensity the farther the v;ater flowed through 
the
e mains; so that, in the northern portions of the city, it was 
very offen
ive. It is noteworthy that all the water which reached the 
city had passed through not less than four wire screens with meshes 
a quarter of an inch in diameter, and in no case had a service-pipe 
been known to be obstructed by any portion of the body of a fish. 
" In filtering many thousands of gallons of water, at different times, 
find under such conditions as to arrest multitudes of the n1inutest 
or 6 anisms, not the smallest fragmen
 of a bone, or fin, or seale, of a 
fish-parts which ,vould longest resist decomposition. and float away 
in the water-ha
 eyer been detected." 
In answer to the <- l tlestion , "'\Vhat cause then can be assiO'ned for 
" 0 
this mos,t peculiar odor?" Prof. Lattimore asserts that it must be 
tlue to the decompo
ition of some form of fresh-water algæ. He 
dra \vs his conclusions partly f,'om the investigations of others, and 
})artly from his own observation and experiment. _\.fter the dis- 
appearance of tbe odor from the water, he observed that mieroscopic 
:llga
, w"hich luHl collected on the filters through which water had 
l>t;'cn flowing for twenty-fonr hours, exhaled an odor strikingly like 
that given oft. by a blade of early spring grass, w.hen crushed hy the 
iìngers. ....\ lllinute quantity of these algæ put into distilled ,vater, and 
kept covered for a few hours, revealed an odor which ,yas distinctly 
recognized as that which had recently affected the water from the lake. 
This experilnent, with others pointing.in the sallIe direction, leads 
to the conelu"ion that the fish-like odor must be due to SOll1e obscure 
condition of the algæ-mû
t likely to their decay and decolnposition. 
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Concerning the possibility of comulunicating so pow'erful an- odor to 
a vast quantity of water by means of an almost infinitesimal aUlount 
of algæ, the author says: "That this odorous material "ras extremely 
volatile, was obvious. It soon vanished from "Tater left at repose in 
the open air. I-Ieat expelled it still more ral)idly. It was for this 
reason that no trace of it could be perceived in the open reservoirs 
".here it could escape as rapidly as it was generated, ,vhile in the 
closed conduit from the 'Vest Rush Reseryoir to tbe ]\[ount Hope 
Reservoir, and in the street mains of the city, it ,vas prc,'ented frOIl} 
escaping except ,vhen a faucet was opened. Again, in its extrenle 
volatility we have the clearest eX}Jlanation of the fact that so minute 
a quantity of odorous material could infcct so large a quantity of 
,vater. A single flower will instantly communicate its perfume to 
every particle of the air in a large rOODl. A grain of nlusk, or a shred 
of scorched anÍlnal tissue, ,vill taint a vast volume of air with no loss 
of substance appreciable to the nlost delicate l)alance." 
Regarding the public health, there is no evidence furnisbed that 
warrants even a suspicion of any deleterious effect, and this is strictly 
in accordance with what ,vould be expected if the above cxplanation 
is correct. 
To the question, "Can any measures be taken to prevent a re('Uf- 
rence of this trouble?" tlle follo,ving answer is made: "It is useless to 
attempt a reply until 'we come to understand the causes and conditions 
precedent to such results. This know ledge can evidently be acquired 
only by long and patient ol)servation, if obtained at all; and, if ob- 
tained at last, it might 1)0 only like our knowledge of the laws of 
meteorology, which indeed enables us to predict t}Je ccming changes 
of the weather 'with great certainty, but 'which confer
 on us no 
power whatever to control it. On the other hand, it is at least con- 
ceivable that, if we understood the lif
-history of these offensive algæ, 
and the conditions favorable or unfavorable to their growth and 
multiplication, we might possibly be able to prevent or favor their 
growt.h, or to hasten or retard their destruction in such manner as to 
prevent the recurrence of the trouble." 


... 


A RUN THROUGII TIlE 1t!USETT)fS OF EUROPE. 


By THOMAS 
I. BREWER. 


I N 1875-'76 the writer, having a 
encral interest in the seien('e of 
ornithology, and nlaking- a special study of tl1at somewllat neg- 
lected bran('h which relates to the pecu1iarities of birds' np
ts and 
egg's, devoted, at intervals, more than a year to visiting sonle of the 
principal mÜSP1Ul1S of the Continent of Europe, and afterward of 
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England. Naturally, in these somewhat hasty observations, his favor- 
ite departments received the larger proportion of his attention. 
It ,vas his fortune to first placQ his foot on the Old-'V orld soil in 
the quiet and lovely, the very quaint and very old-fashioned, little 
city of Bremen, and there to Inake the acquaintance of two ornithol- 
ogists whoRe reputation is ,vorld-wide, aud who, among the followers 
of this science, stand in the front ranks-Dr. Georg IIartlaub and 
Dr. Otto Finscll. 
Dr. IIartlauh is a physician, in full practice, standing at the head 
of his profession, but finding ample time, without negJecting his pro- 
fessional duties, to devote to the study of his fayorite science, and to 
favor the world with valuable contributions, the results of his careful 
and cxhaustiv'e researches. A little p3st the prime of life, he is still 
in full and vigorous health. lIe has made the birds of Africa his 
principal study. As incidentally attesting Dr. Hartlaub's popularity 
and high standing among his brother ornithologists, it may be here 
mentioned that in Gray's" lIand-List of Birds ",are no less than twen- 
ty-six different species, and one genus, upon whieb has been bestowed 
the n
l1ne of IIartlaub-a compliInent that has been paid to no other 
naturalist, living or dead, not eyen to the great Linnæus or to the 
illustri(,us Cnvier. 
Dr. Finsch, though a much younger man, is fully the peer of his 
distinguished townsrnan in his reputation in ornithological science. 
lIe ig the Director-in-Chief of the Natural lIistory l\lnseum of Bremen, 
"rhich, though by no means among the largest, enjoys the reputation 
of being one of the most excellent in its arrangenlent, in Europe. In 
regard to this, unfortunately, I had not complete opportunity to 
j l1dge. A new building was in the eourse of ereetion on tbe site of 
the old museUll1, and most of the eollections, being packed away, were 
inaccessible. A portion of the birds were open to inspection, and 
,veIl attestea the taxidermic excellence of their preparation, which 
is said to char3cterize not only this deparÞnent, but the whole mu- 
senm. Dr. Finsch is author of an excellent and, to the student, 
invaluable Inol1ograph on the parrots; and, although he h:\s large- 
ly contributed, with Dr. IIartlanh, to investigate tbe ornithology 
of Africa, probably there is no one liying more generally familiar 
than he with the ornithological foruls of the world. Since I DIet him 
he has been absent from hOlne, in eharge of an important exploring 
expedition to the aretic islanùs, north of Eastern Asia, from wl1ieb he 
has recently returned. . 
Passing from Rreme
 to DÜs
e]dorf, on the }{hine, our w"ay took 
us through the 01<1 capital of Westphalia, that quaintest of quaint 
})laces, )[Un<;;:.tl'l'; one, too, made so painfully menlorable in history by 
the Vawla 1 acts of the fllnatical ..Anahaptists, ana the even nlore ter- 
rible retrihution that 'was visitpd upon their leaders. There we n13de 
a pause, in or<1or to eXaInine a very remarkable prin:tte eollection of 
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nests and eggs. It was in the dwelling of one of the prosperous fur- 
merchants of that city, 3 gentlenlan of culture, who, without making 
any pretensions to scientific attainments, had got together one of the 
largest and richest local collections in oülogy on the Continent of 
Europe. It contained between seven and 
ight thousand specimens, 
,,-ell pl.epared, carefully arranged, and .wonderfully rich in suitps and 
varying sets, of the eggs of European (chiefly Prussian) birds. "
hile 
I afterward saw other private collections that may contain the eggs 
of more species, I saw none that so fully presented, in series of sets, 
the eggs of the birds of anyone locality. It was an interesting 
l)cculiarity that this collection had been commenced by its 'owner's 
grandfather, and three generations had made its increase the amuse- 
lnent and study of their leisure moments. Pains had been taken to 
note the date of each separate acquisition, and such a collection is 
thus rendered peculiarly interesting to the student of the local orni- 
thology, on account of the light it cannot fail to throw. upon the rela- 
tive abundance and distribution of the birtls of the region. U nfortu- 
nately for the student of science, such colhwtions as this are rare and 
exceptional. 
In Berne, the capital of Switzerland, is the K atiollal l\IuseuIll of 
that republic. This contains an immense mass of l11aterials, illustra- 
tive of various departments, some of them in good preservation, but 
othprs quite the reverse. A commendable effort had been begun to 
exhibit all the species of the animal kingdom found in Switzerland, 
but the space allotted is insufficient; the show-cases are ill arranged, 
and hetray an evident want of funds sufficient to keep up to the high- 
est standard what might have been made one of the finest collections 
of its kind in the world. One contributor had giyen to th
 museum 
,,-hat must have been in its d3Y a very fine collection of the nests and 
eggs of the birds of Switzerland, including several eggs of that now 
nearly extinct bird, the lammergeyer of the Alps. Long exposure to 
the light and dust bad rendered the whole valueles
. 
The geological and mineralogical collections have fared better, 
and are really very fine. The pure crystals of hlack quartz are of 
immoose size, and those of clouded topaz are truly m!lgnificent. OnC' 
cannot doubt the correctness of their claim to be the finest in tIle 
world. Crowded into the small apartments of an irregular building', 
though well "rorth a noble hall, devot
d e.xclusively to their exhibi- 
tion and preservation, are some of the most interesting historical col- 
]ections anywhere to be Illet \vith. Besides the relics of the ancient 
Lake-dwellers, \vhich seem almost to unite the two departments of 
ethnology and ge010gy, may be seen the remarkab1e trophies captured 
l)y the Swi!"s in their nlenlorable war with the Burgundians, uuder 
Duke CIJarles the Bold, four centuries ago last snmmer (in 147ô), in- 
cluding a rich a1tar-piece, and the tapestries and other costly trap- 
l)ings of his regal tent, which are among the most interesting relics to 
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be fùUIll1. The \\realth of these collections is in painful contrast 'with 
the po,'erty of their surroundings. 
Though a little out of the order of onr visit, we ,viH now turn to 
Geneva, where, in the Natural I-listory l\Iuseuln, we find everything 
in agreeable contrast with the shortcomings of the N ationall\luseum 
at Berne. The Rpacious and elegant building is con1paratively new, 
is "
ell arranged for light and the exhibition of specinlens, and is 
pleasantly situated in the miùst of a large, open park. Here may be 
studied the famous conchological collections that once belonged to 
the Duke of )Iassena, and which, to the student of this department of 
science, atford added interest as having l)een the types for Lamal'ck's 
great "
ork. Here, too, is an immensely rich and "ery interesting 
collection of fossils, systematically arranged by the distinguished 
Pictet, and, among them, all the geological tYI)es of De Saussure. 
There is also an immense col1ection of coleopterous insects. The 
ornithological collection of this mUieum is not large, but exception- 
al1y good. The specimens are all excellent, are well mounted, and 
l)resent several cOlnmendable features, rare in Continental collec- 
tions. The exact locality where each specimen was obtained is care- 
fully recorded, and the local group of the birds of Switzerland forms 
an interesting and instructive feature. Another not common feature 
i
 an excellent, systematically-arranged coUection of the eggs of birds. 
Though, cOFnparatively speaking, not a large one, it is quite respect- 
ahle even in point of nun1bers; and, in the care given to its preser- 
yadon and in its arrangelnent, it is a mode], and almost unique. 
This department is under the charge of 1\1. Alois Humbert, an excel- 
lent ornithologist, whose explorations in Asia have contribut
d many 
specimens of great rarity, one of the most interesting being a veri- 
table nest of one of the tailor-birds, so long the subject of unverified 
description. 
In Stuttgart, the capital of'Vurt.emberg, is a very large and valu- 
able l\lusetull of Natural IIistory, that fiUs tTrenty 
pacious rooms in tbe 
Building of the .Archives. To geologists, and to students of zoölogy 
and comparative anatonlY, its coHections in these departn1ents are 
replete "rith interest. The collection of birds is very rich in rare 
African types, but, in the absence of Prof. I{rau
s, the director, these 
could not be inspected to advantage. The museum has no col1ection 
of eggs, but there is in the little kingdom of Würtenlberg probably 
the largest oölogical cO]]Qction in the world; the richest in its number 
of species, and excelling in the rarity and beauty of specin1(
ns, and 
ill the extent and fullness of series, exhibiting variations in eggs of the 

aIllû species. It belongs to Baron von 'Varthausen, and is preserved 
in his castle near Biberach. Unfortunately, I cannot speak of it from 
my own oh
erYation, as I had gone far beyond it before n1Y invitation 
to visit awl examine it overtook Ine in Dresden. It is, however, "
el1 
known to be of great and constantly-increasing vahle, containing one- 
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sixth of all the known species. It is especially rich in ,African and 
South American kinds, collected, at great e.:xpense, by expeditions 
sent out by the baron at his sole charge. 
In Dresden, \vorld-renowned for its galleries of art, and for 
nluseUlllS illustrative of kindred departn1ents, one 'would naturally 
look for a correspondingly rich 1\atural IIistory l\luseum. Still, small 
and disappointing as the Dresden 
luseum of Natural History is, it 
contains the typical collections in oülogy of the late Dr. TlJÏenl'Inann, 
and therefore cannot be passed by in total silence. This llluseum 
has been recently placed under the charge of Dr. Adolf ß. l\leyer, a 
distinguished ornithological explorer in N e\v Zealand, and his acces- 
sion has already been followed by reconstructions full of promise. 
The Thienen1anl1 oülogical collection is an inllnense one, bas been 
gathered from all parts of the "Torld, and contains all the types of bis 
illustrated ,york on oülogy. Unfortunately, in the latter part of his 
life he suffered his vast collection to lapse into great disorder. lIe 
ceased to continue a systematic arrangement; successiye additions 
"rere but partially unpacked, and the identifications of Inany forever 
lust, or rendered doubtful. After Dr. Thienemann's death his family 
presented his collection, in this chaotic condition, to the Royal l\Iu- 
seum, and tin1e has but added to the confusion. Labels h
nre been 
111Ï
placed, and the best of experts cannot always restore theln with 
certainty. Nevertheless there are still materials for creating by far 
the largest and richest public oölogical col1ection in Europe. It 
abounds in very rare and choice kinds; among others, no less than 
se'-en eggs of the ivory gull-an egg so rare that only two others are 
known to be in allY musèums, one in Dublin and one in Copenhflgen. 
The extensive nlUSeU111 of Berlin, owing to the inclemEncy of the 
weather aud the rooms not being heated, could only be partially and 
11asti1y examined. The general plan of arrangement "yas 8Íll1ple nnd 
good, and the 
pecimens appeared to be in excellent condition. It 
possesses a sn1all but valuable and "Tell-arranged collection of eggs, 
in which the great point of interest is a series of nests and eggs from 
Siberia, collected by a man of science exiled to that desolate region; 
many of t]lese are very rare anel unkno,vn to othex collections. The 
mineraloo-ical collection is one of the nlost extensive on the Continent
 
o 
and is e
pecially rich in nleteorolites. Its great interest centres in the 
collections brought by Hun1boldt frpm Central and South America. 
Dr. \\Tillianl Peters, a distinguishl'd naturalist, is at tbe head of this 
museum, and the ornithology is under the charge of the veneraùle 
J obn Cabanis, "Tho ranks high in his department, and is ,vell known 
a
 the editor of the Journal of Ornitholo{IY. 
The Imperial Cabinet of Natural IIistory of Vienna deserves 
fuller Inention than our space permits. Its vast collections ,vollhl 
require aln10st a liff'tinle to exanline exhaustively, and no single vol- 
UIue conla do justice to all th(.ir various poillts of illtcrest. Indeed, a 
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('ood-sized and condensed yohune has been deyoted to its collec- 
., 
tions of birds only and from Brazil alone; and when it is rcmenl ben
d 
that this collection possesses specimens of 1,200 species exclusively 
fron1 that region, besides all the collections of the N ovãra Expedition, 
and that these are but a portion of the immense ,vhole, some idea n1ay 
ùe forn1ed of its lnagnitude. The InuseUln i
 also rich in its collections 
of nests and eggs. )lany of these are uniques, and were procured by 
the K ovara ana other exploring expeditions. These ,,-ill renlain for 
the present unarranged, awaiting their tral1sfer to new quarters in an 
imnlense building which the GoverIunent is now constructing, and 
which in size and position promises to be one capable of doing anlple 
jusice to this noble collection. In charge of the ornithology is Dr. 
A. von Pelzeln, a naturalist of high repute, and a most courteous and 
oblicrin o ' g entleman. At the time of our visit, the fishes and r() l )tiles 
o 
 
w"ere in charge of Curator Dr. Franz Steindachner, a pupil of Prof. 
Agassiz, and for a while his assist aut in the ]\J useum of Comparati,'e 
Zoölogy at Cambridge. He has lnore recently .heen promoted to the 
post of director-in.chiet
 a position for which he is 11l0st adn1Ïrably 
qualified. 
The natural history museums of Southern Italy, from Naples to 
Florence, are almost exclusively devoted to human and c0l11parative 
anatolny. In the lovely City of Flowers ,ye find, in her Royal .lHuse- 
nnl of Physical and Natural Science, an institution under the royal 
patronage, and unique in its character. It is a uni
'ersity for teaching 
natural history and the physical sciences. I-Iere in the honle of GaIi- 
leo, and where his memory is deservedly held in high honor, astron- 
onlY receives its full share of attention. Dr. Parlatore, an excellent 
botanist and an eloquent lecturer, instructs in botany; and the direc- 
tor of the mnseUIll is Dr. Henry II. Giglioli, ,yen known to scientific 
Illen as the naturalist of the ]\Iagenta Exploring Expedition. This in- 
stitution is fortunate in baving at its head so acco111plished a gentle- 
man and so enthusiastic a naturalist, and under his judicious efforts 
to advance its interests it bids fair to become in all its departments 
,veIl worthy of the Tuscan capital. Its anaton1Ïcal collections are al- 
ready deserving of the highest cOlnmendation. 
In the little city of Pisa, so attractive to strangers for its archi- 
tectural peculiarities, is a nlusetun "
ell worthy of attention. To the 
student of ornithology it is interesting as the h0111e of Suvi, the pio- 
neer ornithologist of Italy. I-Iere is a local collection of birùs made 
by hinl of exemplar)? merit. The specimens are arranged in fanlily 
groups, in small, air-tight glass cases, in eael) of ,,,11ic11 is })reseuted a 
single 
pecics in all its varied forms, fiS 1110c1ified hy age, sex, or sea- 
:"011. This includes the nest and eggs, the young chick, the sumnler 
and the winter plumage, and all the variations of the sexe
-at once a 
novel, instructive, and interesting feature. 
In GellO:1 the Civic 
Inseuln, under the patronage and gener:11 di- 
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rection of the 1\Iarchese Giacomo Doria, is a model institution, In view 
of the general excellence of the plan on which it is conducted. Placed 
on a high position, commanding a magnificent vie,v over a most love- 
ly landsc
pe, surrounded by beautiful grounds, it is a je'wel ,veIl ""01'- 
thy of such exquisite setting. The building is large and convenient, the 
collection one of recent date aud 'well arranged. Its most notewortby 
feature is that nearly or quite all the specimens bave been obtained by 
Italian explorers, and all have been precisely determined as to their 
original lucality. Tbe museum pussesses very many !Special rarities, 
in SOlne instances the only known perfect specimens in existence, a
 a 
new and undescribed specimen of a cassowary from the Arroo Islands. 
Its publications are eminently first class, creditable alike to the liber- 
ality of the patrons and the scientific merits of the melnbers of this 
institution. The director of this museum is a young nobleman of sci- 
entific tastes and acquirements, using an ample fortune 'with liberality 
and good judgment. He is a direct lineal descendant of the historic 
Doge of Genoa, a first-cousin to tbe late Prince Pan1phili Doria, of 
Rome, and a near kinslnan of another great benefactor of Genoa, the 
Duke of Galliera, w'ho signalized tbe last year of a uEeful life by the 
gift of 30,000,000 francs to improve the barboI' of Genoa. 
l\lilan is rich in museums and collections of various kinds, both })llb- 
lic and private. Its l\luseo Civico, largely devotEd to collections of 
natural history, and under the direction of Dr. Corn alia, is especially 
rich in its collection of reptiles, claimeò to be the finest in Europe-in 
tbat of paleontology, and in its collection of skulls. Its director is a 
gentleman of high scientific att:1Ïnment, and has largely contl'ihutetl 
to the growth and development of the institution over 'which he has 
presided so many years. But to an ornithologist the great attraction 
of 3Iilan is the unequaled prÍyate collection of Count IIercules Turati. 
His cabinet of Inounted birds is the finest, as it is also one of the 
largest, in the world, and, tbough there may be several public collec- 
tions both in Alnerica and in Europe that outnumber his in species, 
there is probably not one that approaches it in the uniform excellence, 
bettuty, and perfection of rlumage. There are superb specin1ens of 
every known species of the birds-of-paradise, very rare and very cost- 
ly, and nIl in exquisite plumage. No expense is spared ill procuring 
additions to this collection. Liberality, courtesy, and devotion to sci- 
ence, confirm this gentleman of rank- as one of Nature's trne n011e- 
mpn, and unite with him to render his collection a great attraction to 
the ornithologists of all Europe. 
The 1\Iuseum of Natural History of Turin was cOlnn1enced under 
the patronage of the royal house of Savoy, and is still aided by tbe 
Italian Governn1ent. But just at present Italy is called upon to ex- 
pend so Inuch upon her arn1Ïes and her navies, her railroadFi and her 
public school
, that she has but little money to devote even to the favor- 
ite museun1 of her king. K evertheles
, this museum contains much 
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that is worthy of consideration. The construction of 
he national rail- 
roads of Piedlnont enriched its paleontological department with many 
unique and \vonderful relics of the dark ages of geology; and, above 
all, in its director, Count Tommaso Sal vadori, the :àIuseum of '"furin pos- 
sesses one ,vho is conceded to be, par excellence, the ornithologist of 
Italy, and who elljoy
 a world-wide reputation as allloug tIle first in 
this department of science. The collection of birds is, of course, weB 
arranged and especially interesting in types. At tbe time of our visit, 
Salvac1ori's private room ,yas literally strewed with many hundred spe- 
cimens of birds-of-paradise, representing all but two or three spec.ies 
of this family, with series by the hundred of several species. These 
had been recently collected by two Italian travelers, one set belong-. 
ing to the Italian Government, the other to the Civic l\luseum of Gen- 
oa, and referred to Salvadori for examination, and to aid him in his 
monograph of this family. 
The Garden of Plants, in Paris, is an institution too generally fa- 
miliar to require more than a passing mention. 'The new houses for the 
protection of the living animals are models in their contrivance, more 
egpecially the one for the reptiles and batrachialls. The Ornitbologi- 
call\Iuselun, though not of itself very extensive, is particularly inter- 
esting to scientific students as the depository of collections Inad
 by 
the several national exploring expeditions of France. Among these 
are Inany unique and typical specimens, not known to exist else- 
w.here in museums. The collection of eggs is also wonderfully in- 
teresting, is very large and well preserved, and contains not only 
many very rare kinds, but is especially noteworthy as possessing 3. 
large nunlber of species not to be found in any other public collection, 
some of them laid by birds in confinement. 
Leyden, in Holland, could not be passed by without at least a 
brief visit to the venerable Dr. Schlegel, and the far-famed nluseum 
under his charge. The time was, and that not imm
morial, ,\yhen this 
museum contained the largest collection of birds in the wOl'ld. Even 
now it is surpassed by very few, and is still superior to all others in 
its representations of East Indian species. Its strongest point is its 
collection of monkeys, to which class of aninlals Dr. Schlegel has 
given great attention, and of thiA our ancestral fan1ily-according 
to Darwin-it possesses the surprising number of 1,500 different spe- 
cies. Dr. Schlegel, though of mature years, is still in vigorous health, 
a nlost channing olel man, bright, cheerful, and affable, possessing an 
inexhaustilJle fund of conversation and kno,vledge, enriched by the 
careful observation of a long and well-spent life. His museum pos- 
sesses a very rich collection of the eggs of the birds of J aya and other 
East Indian possessions of the Dutch. 
Of the British )[nseum, as a whole, it would be ÍInpossible to speak 
frOID cOnlpetent knowledge, except with much more time than we 
could give to so endless a task. The writer will say that all he did or 
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could see .was very disappointing. Its collection of mounted birds, 
though containing luuch that wa
 typical, rarè, and interesting, was 
in the individual defects of a large proportion of its specimens in 
painful contrast to the private one of the l\lilanese banker. The col- 
lections of eggs were not arranged, and had not been procured with 
any special care. They seenled to have beèn all accunlulated by 
chance donations, and required an immediate and very careful revi- 
sion. It is, however, but justice to say that, since the zoülogical por- 
tion of the museum has been under the cl)argeof 
Ir. Sharpe, a sys- 
tematic rearrangement has been begun, and, so far as it has proceeded, 
is a great ÏJllprovement. 'Vhen the natural l1istory portion of the 
Illuseum is removed to I{ensington, and rearranged in the ne,v build- 
ing in the course of construction, it is to be hoped that the managers 
of this institution will avail themselves of their great opportunities, 
now HO strangely neglected, and render this branch of the British 
l\Iuseum better ,vorthy of being the one national museum of a great 
enlpire. TLe contrast between tlle l\luseum of London and that of 
K e,vcaslle-upon-T
7ne, or that of Liverpool, cannot but be painful to 
the national pride of a true English naturalist. 
For popular attractions, for general excellence of arrangement, and 
expedients for the instruction and education of the people in natural 
history, the Derby !luseunl, 01', as it is no\v called, the Free Puhlic l\lu- 
seum of Liverpoo], far surpasses anything of its kind. It was founded 
1y an ancestor of the present Lord DerLy, and is under the adll1Íra- 
ble direction of Thlr. Thomas J. 
loore; but it would extend this paper 
too far to point out the 
xcellence of its various deviees for popular 
instruction. Here JOU can see the external form of bird or aninud, 
and next to it hi own skeleton, so that the bony franle and the out- 
ward appearance may be studied at the same moment. In one COln- 
partment are a full-grown lion and lioness, and with them young lions 
of various ages, from the tender nnrsling to the nearly full-gro,,-n 
,,-help. In another compartment is well represented water in which 
appear disporting various forms of swimming-birds, old and young, 
demonstrating to the observer their ])osition, ,,-hen s.winlming, both 
a bove and below the surface. The collections are- larg
 aud varied, 
3wl so arranged as to attract and educate the visitors. 
Iu conclusion, only brief nlention can be made of a few of the private 
collections of natnrall1istory in which England abounds. In his private 
apartn1f'nts in Hanover Square, London, Prof. Os1.ert Salvin, of Caln- 
bridge U nÍ\-ersity, stores his I"jch collections of birds, and eggs, and 
insects, gathered hy 11ÍnlseIf in Central Anlerica. They are especially 
aboundiug in specimens fronl Guatelllala, are admirably arranged, and 
'well worthy of careful study. Ho.ward Saunders, E::;q., who makeR the 
families of guUs and terns hi
 especial study, posse
ses co]lcctions that 
are indescribably interesting. They consist of the birds (with their 
eggs) of Europe, together with exotic reprcseutatives of the t,yO fam- 
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lies in "Thich he is chiefly interested. lIe has been an fictive explorer 
in Spain, and the collections n1
1<.le there hy hinlself are the chief at- 
tractions of his cabinet. Henry E. Dresser, Esq., a I.Jondon merchant, 
ana author of a nlagnificent ,vork on the birds of Europe, nuw in 
course of publication, possesses, at his residence on South Norwood 
IIilI, the Illost complete collection of the eggs of the birds of Europe 
probably in existence.. It is admirably arrallgetl, containing many fine 
suites of the least common kinds, and very many species not in any 
other collèction. 
The collections in oölogy, made b)- the late 
lr. JolIn 'V oHey, the 
indefatigable explorer of the ornithology of the arctic regions of Eu- 
rope, were bequeathed to Prof. Alfred Newton, of Cambridge, who 
has illustrated them in a publication of great elegance. This collec- 
tion is of great scientific as .well as. pecuniary value. Its series of 
specinlens of some of tho rarest arctic eggs are immense. The mar- 
ket money-value of one of these series-that of the waxwing-at its 
lowest computation, is not less than .;CIOO. 
'Yithin the close of tbe \Tenerable Cathedral of Durham, tbe 
\vriter ,vas privileged to examine, in the cabinet of Rev. Canon Tris- 
tram, tbe largest collection of eggs it ",
as his good fortune to see in Eu- 
I'ope. This gentleman is an excellent ornitl]ologist, has been a great 
traveler and explorer in America, North .....\.frica, Palestine, Syria, 
and elsewhere, and his collections, .which nUluber over 1,700 species, 
11ave been largely taken by his own hand. 
And here our space compels us to close our narrative, leaving much 
that was to us exceedingly attractive unsaid and undescribed. Though 
disappointing in certain instances, our stuc1y of European collections, 
as a whole, incomplete as it too often was, and all too hurried as to 
the time allotted, was ever full of instruction, interest, and enjoyment. 


... 
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I T is very probable that as we obtain a fullcr and more accurate 
command of facts relating to the production of wealth under per- 
fectly free conditions in countries like our own, where intelligence is 
widely diffuscd, it will be found that the methoò.s of most efficient 
pro(luction arc t
)ose which necessarily contain within themselves the 
Inethot1s of most effectual distrihution. It has been customary to as- 
sume, or infer, that the laws r
gulating- the production of .weaJth were 
one thing-, and the laws regulating its distribution were another; so 
much 
o. indeed, that ,vhile legislation coulcl not interfere ",-ith pro- 
duction ,vithout doing harm, it might. and ongl)t, on grounds ofjl1stice 
and duty,. to regulate distribution. There is strong reason to believe 
VOL. XI,-31 
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that interference is ju
t as undesirable and pernicious in the latter case 
as in the fornler. Given the nlo
t efficient production, that is to f'ay, 
'nticles produced in the cheapest, swiftest, and most skil1ful manner 
by the free competition of invention, capital, intelligence, and indUF- 
try, and it is true, as a necessary condition of l)roduction so sustained, 
that the wealth created by and arising froln it is distributed step ùy 

tep, as the process goes on, in the most equitable manncr among aH 
the partieR engaged in the enterprise. 
This is a proposition to be tested by facts, careful1y put together, 
not hy ingenious argumentation on hypothetical cases; and it fortu- 
u3tely happens that a paper of great ability on "The Sewing-
lachine 
and its Results," contrihuted by 1\11'. John Plumn1cr (wel1 known as a 
high authority on industrial topics) to the" Companion to the Alma- 
llac" for the present year (1877), furnishes the precise sort of evidence 
req uirec1. 
The sewing-nlachino first appeared as a practical invention about 
thirty years ago. Thill1onnier, the real originator of the idea, was a 
Frenchrnan, and, like too nlany great inventors, he did not Ii \'e to en- 
joy any part of the fruits of his genius. Elias IIo,ve, "Tho followed 
Thimonnier, was an Alnerican working artisan, and found his first rpal 
support in England abont 1847. At the present time, that is, about 
thirty years after the establi
hment of the invention, there are up"Ta.rd 
of 4,000,000 sewing-machines in use in various parts of the world; 

ntl the annual nun1 bel' of new machines produced in this country is 
estimated at- 80,000, employing about 100,000 persons. In Franee, 
Germany, and Belgium, the production of machines is very large, and 
in the United States the annual out-turn of machines is perhaps great- 
er than in the whole of Europe. In 1862 it was estimated that in the 
United States each machine saved to its owner 50s. a week, or say 
Æ130 per annum, in w'ages alone; or an aggregate saving in "Tages, for 
the whole country, of about 1:30,000,000. In 1875, that aggregate 
saving had risen to ';c100,OOO,000. 
The facts, therefore, to be considered are imposing by their n1ag- 
nitude, and of high ynlue, by.reason of the diversity of the countries 
and populations by which they are supplied. . 
1\11'. Plummer says: "In England the sewing-machine was first 
empl9yed in the 111anufacture of con1mon 
tays and corsets, of which 
several nlil1ion pairs are annually produced. In earlier days the n1a- 
terials ,vere 
owed together by needlewomen of the })oorest class, prin- 
cipally the wives of seamen and dock-Iaborer
, ,,-hose earnings seldom 
averaged nlore than 3s. or 4s. a 'w('ek. . . . Fr'om the stay-trade tlH.
 
sewing-machine founa its ,yay into the trades connected with the pro- 
duction of shirt8, mantles, dre8ses, trou
er8. coats, and other article8 
of male and female clothing. In some of thef'e trades the needle,yom- 
en could not, even by working very long bours, ol)tain more than 3s. 
or 48. a week, and the public were continually shocked by painful rev- 
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elations of destitution and misery among seamstresses. IIood's 'Song 
of the S11Ïrt' expressed the public feeling. Needlewomen's Aid Asso- 
ciations ,,'ere started, but wholly faileù to lessen the evil. . . . Tlw 
appearance of the sewing-machine changed all this. Shirts were made 
11lore rapiLlly and more cheaply than before, ùut the work,vomen were 
bett
r paid and did H.Ot work so many hours. The hours of labor fell, 
indeed, from eighteen hours a day to eleven or twelve." 
The demand for hand-labor increàsed, because, "Thile the machine 
did the heavy mechanical part of the ,york, the cutting out and prepa- 
ration of the materials rendered necessary more" hands," and a su- 
perior aptitude and intelligence. The 'workers also became to a large 
extent the owners of the nutchines worked by them at home; and as 
the slavery and degradation of the needle becanle almost abolished, 
crowds of young ,vornen ,vere attached to machine-working by the 
short hours ana the high "rages. It is this diversion of fenlaIe lahar 
which lies at the root of the scarcity of domestic servants, and the ex- 
traordinary rise in the "Tages given to such servants. 
Improvements in the nlachine enabled it to be applied to boots, 
shoes, harness, and most articles made of leather. In N ovem bel', 
1857, a machine of this kind was introduced at Northampton, and Í1n- 
mediately led to organized opposition by the Crispins of that centre 
of the shoe-trade. This opposition ,vas more or less successful until 
February, 1859, when the manufacturers of Northampton and Stafford 
formed thenlselves into a league, and announced that they ,vere pre- 
pared to compel the use of the machines in spite of the opposition of 
the Dlen. A strike ensued. The men were defeated; and the n1a- 
chines very rapidly revolutionized the whole industry of boot and 
shoe making. 1\11'. Plummer says: "'Vith the termination of the strike 
the operatives became eager to possess machines of their o,vn, and in 
a short time there were few of tbe better class of worknlen 'who 'were 
not proprietors of one machine or III ore. These were worked by tIle 
female n1elubers of their O"TI1 families, or by "Tomen engaged for the 
purpose." The nHtchines put an end to the more dangerous and nn- 
healthy process of the "Tork. Employers fitted up commodious fac- 
tories snpplied with machines, and hence bas arisen the present factory 
system in the hoot and shoe trade, a system as beneficial to the male 
and female ,vorkers as to the capitalists. It is estimated that no,v at 
least one-half of the Northampton employers have risen by means of 
machine-industry from t1w position of \vorkmen. 
Cheapness, rapidity'of production, and excellence, led to a vastly 
i?creased dmnand for boots and shoc
. 'Vages ,yere raised; the work 
'was easier; and the buildings in ,vhich it was carried on "\\-Tere vastly 
improved. In J.Jeicester, in 1820, there ,,,ere 150 operative shoe- 
makers; i.n 1851 th
r(' were 1,375; in 18ü1, the machine having ap- 
peared, there "
cre 2,315 ; and in 1871 there were 5,703, or nearly four 
times as n1any as at the nute-n1ac11ine date of 1851. 
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In 1852, 8
YS 
Ir. Plumnler, "the average anlount of wages ob- 
tainable by an experienced female operator ,,:rås 8s. to 10s. per "Teek ; 
now the earnings of the fen1ale machine-workers are 14s. to 168, per 
,,-eek-slower hands get 10s., and the best workers 20s. to 24s. The 
female 'preparers' of work get 10s. . . . The n1achine has within no 
few years been applied to the straw hat and bonnet industry of TIed- 
fordshire, and with the best. results. 1\Iany of the plaiters ,vho now 
suffer from Chinese competition, will, as machinists, obtain good 
,vages. . . . In the mantle-trade in London, the wages of nlachinists 
are high, say, 14s. to 208. for n1Ïddling hands, and 238., 298., and eyen 
338., for superier workwomen." 
As the general result, 1\11'. Pluulmer says that, " taking all the vari- 
ous industries in which the machine is used, the wages of the n13- 
chinists may be estimated as being from 50 to 100 per cent. h'iglwr 
than the wages received by hand-workers before the nlachines ap- 
peared in the scyeral industries." And he goes on to <lad: "The 
changes introduced by the machine have been attended "Tith consider- 
able advantages as regards the physical and social condition of the 
workers. There is a great inlpl'OVement in their health and in the 
comfort of tbeir hon1es. As regards the shoemaking population, both 
male and female, the change amounts to an absolute revolution, and 
decidedly for the better." 
The sewing-machine has most effectually sti
ulated inyention in 
other directions. In all leathe
 manufactures, for example, the old, 
painful, unhealthy processes are now nearly all done by machiner}. 
driven by steam. In th
 stay and clothing trades the severe labor of 
using heavy shears by hand is superseded by steam-driven cutters, 
by the aid of which one man does the work of twenty. - The cheap- 
ness arising from these appliances has so enlarged the demand that 
the quantity of labor employed ill the trades is far greater than 
before. 
This is the statement of the facts, and there is no rea
on to di
pute 
it in any essential particular. The outline amounts to this: About 
twenty-five years ago the articles produced in all the industries con- 
nected with the fabrication of sewed, or "made-up,"-wove,n, and leather 
lllaterials, "Tere dear, and, except in the best instances, of inferior 
quality; and tbe laborers, male and female, but especially the latter, 
were among the worst paid, the harde
t worked, and the n10st un- 
healthy, in the country. A mechanical invention, called th0 scwing- 
machine, of moderate cost and simplicity, was then introduced, the 
objects of which were, by the application of ordinary l:lbor in })riyatc 
hou
es or f.'1ctories, to get rid of nearly all the irksome, slow, and Un- 
healthy processes of hand-stitching, and so by reason of swiftness, ex- 
actness, nnd superiority of manufacture, greatly to reduce the seIling- 
price of the. articles offered to the public. The effect of this inycntion 
was in a few years to cstablis11 two radical in1provemcnts throughout 
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the industries in which it ,vas most successful, nan1ely: 1. The less- 
ened price of the commodities to tbe consumer, their superior quality, 
anù the circumstance that they were articles required by all, hut es- 
pecially by the middle and humbler cla
8cs, at once created an en- 
largement of demand so rapid and strong that it fully kept pace with 
the more efficient a.nd swifter n1eans of production; 2. The augmented 
gross produce arising from the decided success of the in,"ention in 
rendering labor more efficient, in saving time, and Î1nproving quality, 
and reducing the outlay and risks of capital, was divided between the 
employers and work-people wholly by the operation of natural causes. 
There ","'as no interference of the Legislature on one side or the other; 
ancl practically there was no interference of trades-unions to enforce 
a minimum rate of wages, or to ilnpose restraints on tbe skill, indus- 
try, and deserts, of the individual male and female laborers. Every- 
w.here there were inferior, middling, and superior laborers, earning 
corresponding wages; and every'where the skillful and handiest labor- 
ers passed naturally into the class of employers and capitalists. It 
was a free and wholesolne coäperation of capital aud labor to supply 
the best and cheapest articles to tbe cash demand of a vigorous con- 
sumption; and the profits arising from tbe trade ,vere divided be- 
tween ,vages and capital whoJIy in proportion to the special skill and 
industry.of the individual employers and employed; ,yith the result, 
as we have seen, of raising wages from 50 to 100 per cent., and adding 
ilnmea
nrably to the comfort, health, and independence of the laborers, 
but especially of the female portion of them. 
But 
uch a result is neither Inore nor less than clistrib
ttion of tbe 
proceeds of })roductiol1 of the most exact and equitable kind. On a 
large scale the increased quantity of ,vealth arising froln the inven- 
tion of the se,ving-nl
chine has been divided precisely as-on grounds 
of equity-it is most fit and benefi('ial that it should be divided; and 
this equitable and wholesome division has taken place as a necessary 
consequence of the most effieient methods of production being left at 
perfect liberty, as regards both worklnen and masters, to arrive at the 
cheapest means of commanding and stimulating consumption. If at 
an early or later stage of the establishment of the sewing-machine it 
had been possible for the male to exclude the female workers; or, for 
the two COIn hined to prevent the use of the machine in the houses of 
male or female ,,"'orkers; or, for any trades-union to enforce a mini- 
Inunl wage, or to impose restraints on individual skill and invention 
dcyotcrl. to increase t.he gross profits-that is to say, the fund alone 
available for division bet\Veell laùor and capital-it is easy to see that. 
the whole march of the improvement would have been retarded anJ 
thwarted. It is clear, also, that the two circumstances which haye 
,"ery materially a
si;5ted the snccess of the machine, as regards both 
producers and consumers, have been: 1. Tbe smaU co
t of the ma- 
chine itself, 'which admitted its effective use in the hOlnes of the work- 
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ers, and in this way has cheapened production by rendering of yalue 
t he intermittent labor of 'whole fan1Ïlies as it could be spared, and 
,,-hen it. could be easiest applied. In this respect the sewing-machine 
has been the reverse of the former bandloom. The machine-,yorkers 
ha ve prospered because they could take the ne,v invention into their 
houses without diminishing its force. The halldloomcl's ,,-cre super- 
seded because the steaul-shuttle could not be nlade a donlestic imple- 
ment. 2. The eminent suitability of felnale labor to the se,ving-rna- 
chine has secured a class of workers who have had the strongest nlO- 
tives to apply ,vhatever skill and industry they possessed to increase 
their piece-work wages by the extent and efficiency of production. It 
lllay be added, indeed, that the great results \vhich have been obtained 
are among the lllost cogent illustrations which can be' found of the 
Inagical influence of paynlel1t by results, that is to say, of payrnent by 
the piece; for, happily, no other mode of })ayment has becn possible 
for sewing-machine labor. 
The lesson of the ,,
hole of this gratifying and hopeful bistory is, 
as we said at the outset, that the methods of most efficient production 
are those which necessarily contain ,vithin themselves the methods of 
most effectual aud beneficial distribution: in other words, if 

e under- 
stand and apply thoroughly anù truly the conditions which most 
cheaply, rapidly, and constantly produce "Tealtll, ,ve also, and as a 
necessary and pari passu consequence, understand and apply the con- 
ditions which insure the distribution of that .wealth among all the 
parties concerned in tbe most just and beneficial manner. So far, 
philosophers and philanthropists have spent their encrgies in the "
rong 
direction. They have sought for artificial Ineans of yrhat they con- 
sidered more equal distribution of the products of industry, failing to 
see that in tbe circumstances and conditiolls ,vhicb rendcr industry on 
the largest scale most productive there are native and inherent forces 
'which link together !1rodllction and distribution at eyery step.- 
Tlw Econondst. 
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CORRESPONDENCE. 


HOW A PHILOSOPHIC SKEPTIC WAS REC- 
ONCILED TO RELIGIOUS FAIT
. 
I T has not been usual to regard Herbert 
Spencer as a reconciler of skeptical 
minds with religious verities; nevertheless 
he has labored with great power and ear
 
nestne8S to attain this end, and there has 
been varied and pointed evidence that this 
labor has not been thrown away. A letter 
recently published in the Chicago 1ïmes 
state:3 a quite remarkable case of reconver- 
sion to Christianity, under tbe influenc>e of 
the study of "First Principles." Thcre 
bave probably been many similar cases, 
though not so con:-:picuous, and it is not 
unlikely that there will be a 
reat many 
more. Perh,lps it would be well for our 
evangelical fl"iends not to overlook this cir- 
cumstance; and, when they have battered 
away at hardened old disbelievers in reli- 
gion with the customary weapons to no 
purpose, to buy a copy of "First Princi- 
ples>,' and, having mastered it, to try Spen- 
cer's short method as a last r
sort. The 
letter referred to relates to the return of 
the late Judgc Alfl'cd 'V. Arrington from 
what is termed "modern infidelity" to the 
Christian faith, largely through the influence 
of Mr. Spencer's book. The writer-'Ur. C. 
C. Bonney-was an intimate personal and 
professional fricnd of Judge Arrin
ton, and 
was familiar with the mattcr of which he 
writes. Mr. Arrington died in Chicago, 
December 31, 1867. The communication 
to the Times is as follows.-ED. : 
"MR. EDITOR: The Times of la:,t Sunday 
contained a letter written by the late Judg
 
Arrington in 1832, about the time of his 
renunciation of revealed religion. It is due 
to his memory that his final return to his 
early faith be as widely publi::;hed. In the 
memoir prefixed to. his poems, pub1ished 
after his decease, )frs, Arrington skctches 
briefly his religious carcer, showing him in 
youth an eloquent preacher, in manhood a 
truth-seeking skeptic, and at the close of 
his life a convinced and satisfied Cbristian. 
!:;he says: 
" , At the early ß!re of ei
ht(>('n years he com- 
menced to preach, and at tbat time exbibited an 


oratoric power that rc
cmbled the inspiration 
of an Italian improrÙ:atore. He drew large 
audiences, and excited the greatest enthusia
m. 
He continued to preach for Eleveral years ut in- 
tel
vals, until he lo:,;t his chi1dhood'8 faith; find, 
afrer fruitless attempts to find peace in other 
communions, ultimately abandoned revealed re- 
Jigion. He afterward Bought in philusophy a 
sulution of his illteJIednal difficulties; but, of 
course, with only partial 8IlCCC:,;S. He, how- 
ever, never abandoned his eearch for truth. 
The different s)'stems of rnet.:'1phy
ics, from the 
Indian philosophers down to the latest Echools 
of Eng1i
h p01"itivism, were as familiar to him 
as the alphabet. The principles of the physical 
!'cienc('s were fully mastered, and their rela- 
tions to each other and to human life. He 
sought in every quarter for the knowledge that 
would enable him to create a sound philosoþhy 
of life and morah
. . . . 
.. 'The works of Herbert Spencer had a most 
happy effect upvn hi8 mind. He studied them 
with the greatest delight, and profcssed to find 
in them the possible union of science and reli- 
giun. . . . 
'" For some time previous to his la
ti1lness, 
his a!!!:;'re
sive skepticism had entirely disap- 
pcared, und in various ways he manifested, not 
only a re:o:pcct for Chri::;tianity, but a strong dc- 
sire for the gift of faith. ThIS solace was, how- 
ever, denied him till he lay upon hÍ!
 death-bed, 
when, to use his own words, " Lik-e a flash qt 
light, every cloud disappeared. ana ehe vision if 
Jesus Christ 'loas VOUcllsa.fed me." , 


"I may add to the foreg:oing extract
 
tha.t aftcr this event he called his wife to 
his bed:5ide, and said, among other things: 
'Promisf' me, Leora, that JOu will assure 
my friends, especially my professional breth- 
ren, some of whom may have been misled 
by my skepticism, tha.t whcn I returned to 
my faith in the Christian religion my mind 
was not enfeebled hy di
ease, but that my 
intellect wa
 as clcar an(1 strong as ever, 
and that it was not merely an assent to my 
early failh, but a conviction as clear as the 
light of the truth of the supreme miracle of 
the incarnation. To bclieve that is to be- 
lieve all.' 
" These are the words as I rccall them, 
and a
 I believe, if his voice could reach us, 
he would ask to have them given to the 
public. His return from infi(1elity to faith 
began with his reaùing of' The Unknow- 
able,' and particularly the chapter on 'The 
Reconciliation,' in Herbert Spencer's' First 
Pl'inciples. ' 
"I procured and rcad }[r. Spencer's 
book at Judge ..Arrington's urgent request,. 
and learned its effect on his mind in subse- 
quent convergations. 
"Some enterprising publisher should 
give us a new eùition of Judge Arrington's 
writin
s, with a more ample and detailed 
skctch of his lifc than has hitherto appeared. 
He was a man of extraordinary intdlectual 
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endowments, and the story of his life faith- slightly reticulated, called the photosphere. 
fully told would have all the chal'm of a 'Vhen this photosphere is undisturbed, we 
noble romance. C. C. BO
NEY. have the maximum of light. At other times, 
apparently by hICl'eased internal action, the 
u.nif<
rrn.ity of this photosphere is destroyed; 
tltanIC forces, acting from beneath, rupture 
it, and produce what to us is the phenolllC- 
non of sun-spots. 
N ow, is it not logical to infer that the 
To tlte Editor of the Popular Science Nontltly. increased action which ruptures the photo-' 
I
 the course of an inquiry lately made sphere is accompanied by increased heat- 
in reference to the periodicity of cold radiation? I
 i! be, there. is .reason .for the 
seasons and their coincidence with the cold seasons falhng not cOIIlCldent wIth, but 
greatest prevalence of the sun-spots, I came I intermediate between, the sun-spot maxima. 
to the conclusion (the reverse of that reached GEO. 'Y. CHAPMAN. 
by most of those who have wl'Îtten on that 
subject) that, while there is a recognized 
periodicity in the sun-spot maxima, and also i 
a seeming periodicity in the recurrence of 
cold seasons, the cold winters, instead of To the Editor of the Popular Science Monthlv. 
faBing coincident with, oftenest occur inter- THE perusal of the interesting article on 
mediate between, tbe maxima of the sun- "Canine Sagacity," which appeared in the 
spOtfo1. December number of THE POPULAR SCIENCE 
I think the coldest season of the present MONTHLY, gave me great pleasure, and caused 
century was that of 1816, wbile tbe sun-spot me to recall to memory a very remarkaùle 
maximum for that period is placed in 181
. ca
e of the same character which came under 
Another remarkably cold winter, and one my own observation about two years ago. I 
of which I have a vivid recollection, was was then practising medicine in Galveston, 
tl:at of 1856; while the nearest sun-spot Texas. One day I was called to see a patient, 
maxima were in 1849 and 18(jO
 Another Mrs.'Veehsler, the wife of a German butcber. 
unusually cold winter occurred iIi 1866, al- As I entered the haB of the house wl:tre 
most exactly intermediate between the maxi- I ' she lived, I was met by a large black do
', 
mum of 1860 and that which follo\\ed. who under no consideration would let JI e 
It seems to be taken for granted that pass, until Mr. 'Vechsler himself came to 
the sun emits less heat during the time it is I pacify him and assure him tbat it wag an 
partially covered with spots. But iR this a right. The dog then followed us into the 
fact which is substantiated by experiment 
 sick-room, and, "hill' "{ was examining the 
It is easy to see that its light may be less; patiellt, the dog was watching all my movc- 
but light and heat, though orip-inatin
 and ments most attentively. 'Vhen I departed, 
being propagated similarly, are not identi- I noticed that I was followed by the dog, 
eal either in their effects or in the mode of who did not leave me until he had 
een nw 
propa
ation. Thin wave-undulations differ enter my office. A few days after' this the 
very greatly in length and frequency. dog entered my office apparently very un- 
If two liquids of different colors and dif- easy about something. The thought struck 
ferent specific gravity, and which do not me at once that perhaps I might be wanted; 
readily mix, be poured into the same caldron, 80 I put on my hat and followed the dog, 
the lighter will rise to and cover tbe sur- who immediately started for home, "bere I 
face. If the onp. of the least specific grav- found Mrs. 'Vechsler sick in bed, with no 
ity be the lightest in color, it will reflect one in the house to attend to her. She was 
light the mo
t readily; and, if the contents surprised at my timt:ly call, and, wben I 
of the c::1ldron be agitatcrl, so that the two told her that I had been called by the dog, 
liquids be made to show at the surface al- she related to me what was even more as- 
ternately, the reflection wiH be alternately tonishing. She had suddenly been seized 

reater or less, according as each liqui<l by a violpnt attack of vomiting .fifteen or 
pradominates at the surf.'1e('. twenty minutes previously, when the dog 
Suppose that, instead of other agitation, had picked up an empty tin pan and placed 
heat be applied to the bottom of the cal- it beside her hed, before runnin!J fv'J' tIle 
dron. GraduaHy, with the increase of the doctm o . This dog, who was only eight month:,; 
heat, upward jets are produced, and the old, had never received any kind of tr ain- 
darker liquid breaks through the lighter ing. It is therefore evident that something 
surface in the act called boiling. These like the following train of thou
hts mm;t, 
dark fractures of the light surface-do they have passed through his mind: Seeing me 
not eorre
polld to the sun-spots? examine the patient and prescribe for her, 
In its ordinary state, the body of the he must have conceived the idea that I ,'as 
sun is C'nveloppd ÍlJ, anrl covered by, an ex- the proper person to he there when she w

 
ceedingly bright surface, appearing to be sick. Having made up his mind on tIns 
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and cannot he too recklessly spent; it 
means, in short, that the whole is some- 
thing totally different from the sum of its 
part
. 
:Mr. Bunce tells 'us that t. a community 
is 'ì.ich because it consumes, abundance being 
tlte product and cunsequent of excessive de- 
st'ì.uction." And here is the proof: "It is 
evident that the immense con
umption of 
coal has made coal cheap and abundant. 
It -has rendel'ed possible the employment 
of vast capital in the erection of co
tly ma- 
chinery for working, transporting, etc. . . . 
It is true, the consumption of coal is in- 
creased by cheapness, but it is only by ex- 
travagance that the machinery by which it 
is made cheap is put in operation. 'Ve 
To the Editor of the Popu.lar Science .J.lfonthly. have an immense wealth of coal because 
SIR: In an article headed "Over-Con- we consume coal so extensively!" This 
sumption or Over.Production ? " in your July rule, we are told, works in all, 01' nearly all, 
issue, Mr. Bunce offers an answer to the our staples, and the conclusion is, "that 
question, " \Vhy are the times so hard?" in aU staple things a nation is rich because 
taking as his text Prof. Bonamy Price's ar- it consumes." 'Vas ever the operation of 
tide, " One per Cent.," which he pronounces the law of supply and demand so grotesque- 
to be illogical, faUacious, and ba
ed on unwar- ly con
trued? That the demand for a com- 
ranted assumptions. It is not easy to dis- modity stimulates the activity of supply is 
entangle }Ir. Bunce's argument, but the fol- most true, and, where increase is possible, 
lowing is believed to be a fair statement of the supply is increased until the widest area 
the propositions it involves: of demand is filled at a minimum co
t, but 
1. That the common ideas in regard to it is only by economy that this minimum 
national extravagance are erroneous, it be- can be reached. It is surely only neces
ary 
ing something essentially difThrent from in- to remember that, no matter what the em- 
dividual extravagance. ployment of capital or appliance of machin- 
2. That wasteful consumption has had ery, every ton of coal moved a foot repre- 
nothing to do with commercial distress; sents a given unit of force in the total sum 
that, on the contrary, destruction produces available for supplying human needs, and 
abundance. that, when so used, it cannot be applied to 
3. That no part of the nation's capital other work, in order to see the full absUl'd- 
hJ.3 been 105t in unproductive enterprises. ity of the proposition that the nation is the 
4. That the real cau:::.e of the trouble is richer if the product be wastefully destroyed 
m"er-production. instead of being husbanded and prudently 
5. That the remedy lies in coöperation used! 
among producers to regulate production. The third point made, that no part of 
A refutation of these propositions is not the capital of the country has been lost in 
the object of thi5 letter; all that tim
 and unproductive enterprises, deserves, perhaps, 
space will allow is to stand them up, stripped a little funer attention because of the pecul- 
of verbiage, and see how they will look. iar reasoning by which it is sought to be 
In the first place, concerning national sustained. Mr. Bunce says that these works 
extravagance, after pronouncing the idea or- were largely carried on by what he calJs 
dinarily held to be " peculiarly erroneous," " released energy, by labor not otherwise re- 
Jrr. Bunce says: "'Ve think it can be quired," and that so far" the community is 
shown that expenditure in the case of the not the poorer by a mite in consequence." 
individual, and expenditure in the éase of a He is willing to admit that, by the purchase 
large number of indiviùual
, have certain of iron abroad, etc., we have lost a part of our 
e
sential differences, the difference being "surplus," but he declares that "the as- 
th.lt the income of the former is absolutely sumption that it impaired our capital is 
fixed, while that of the latter is wholly ex- wholly groundless." 'Yith such a use of 
pansive." As it stand
, this proposition terms, it becomes needful to define what is 
must mean that wa
tefulne
s, a bad thing meant by capital in an economic sense, and 
in the ca.;e of the individual, becomes in to point out the difference between it and 
the case of an aggregate of individual:3 a the capital stock and surplus of a bank or 

ood thing; it means that, each man's in- a life-insurance company. The latter are 
come being fixed, he cannot safely live be.:. terms used to d('si
nate what a book-keeper 
yond it; but, if we add together a "large knows as the fictitious accounts which show 
group" of these incomes, they become the amount of a
sets of a corporation; it is 
" whony expan:;ive," whatever that may be, ! a purely artificial division which has been 


point, the next thing to ùe 
one w
s to find 
out where I lived; and tIns he dId by ac- 
companying me to my office. Seeing her 
vomit, he brought her a tin pan, which he 
probably haù seen her use for that purpose, 
and then set out for my office. The dog 
called for me a number of ti
es afterward, 
but never without my services were needed. 
He was never told to fetch me, but deter- 
mined himself when it was necessary to do 
so. Yours, respectfully, 
JOHN SUXDBERG, )1. D. 
BALTIYORE, Decembe'l' 4, 1816. 
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found convenient in keeping accounts, and 
has 110 analogue in the accumulations of a 
community. The word capital, as used by 
Prof. Price and economists generally, means 
the nation's accumulated stock of food) 
clothing, ànù the other Jlece

arips of life. 
So long as these commodities remain un con- 

ullled, they are called free capital; when 
they are employed to sustain laborers en- 
gaged in building a warehou::;e, a bridge, or 
a railway, the capital is said. to become 
" fixed," or sunk ill such enterprise. If the 
investment is a paying one, returning the 
cost with interest, the capital is in time 
relea
ed; if it loses money, ultimatply be- 
coming worthless, then the capital is fixed 
forever, or lost. And the true cost of these 
works to the community is correctly ex- 
pre::5sed by the price paid for them, 
lr. 
Bunce to the contrary notwithstanding; 
for, traced to its ultimate source, the cost 
of the material u
eù is simply the amount 
of labor that has been put UpOll it. Of the 
,'ast amount of labor which has teen so 
misapplied, not one stroke call be consid- 
ereù as " released energy-labor not other- 
wise required." It was labor that wa!' 
needed elsewhere, as is plainly proved, if 
proof were needed, by the sharp competi- 
tion and high wageg paid for it. TIut the 
assertion that there is JlO labor that could 
not be put to better use than to throw it 
away, needs no proof. "But," he asks, 
tliumphantly, "how is it if the savings of 
a country have been impaired that capital, 
at the same moment. should be seeking in-- 
yestment at any rate of interest, that all 
financial cirde
 are choked with an excess 
of money? " ' 
"\Yhen I use a word," said Humpty 
Dumpty, scornfully, to Alice in ,r ondt:r- 
land, "it means just what I choose it to 
mean, neither more nor less," It is only by 
attributin
 a similar mental attitude to Mr. 
Bunce that the confusion of terms which 
marks hi
 article is to be explained. Cap- 
ital has been already defined; money, it 
may be simply said, is a measure of value, 
a medium, a commodity, at times a tran- 
sient repre
entative for capital, when there 
is capital to rl-'present, but either may ex- 
bt without the other. The reader will 
excuse these elementary definitions, as they 
seem to be called for. Savings, capital, 
money, it is hardly necessary to say, are 
not convertible terms; and it requires no 
profound reasoning to show that idle 
"money "-undoubtedly the immeùiate re- 
sult of lessened trade-may find its ulti- 
mate cause in impaired savings. It is be- 
cause savin
s have been impaired that 
economy and retrenchment are enforced; it 
is because people cannot save, and at the 
:-;ame time go on consuming high.-priced 
commodities with the old recklessness, that 
prices fall and trade operations become re- 


stricted and less profitable; it is- because 
commerce no l,onger offers high-paying in- 
vestments, that money accumulates ill busi- 
ness centres, and is offered, like other com- 
modities, at 10w pric('s. And in view of 
the fact that it is the cost and not the amo'ltnt 
of production that needs to be lowered in 
order to renew the activities of trade, this 
is a most cheering sign. 
As has been said, the cause of our trou- 
ble, as absigned by Mr. Bunce, is over-pro- 
ductioll. That is to say, too much labor 
has been usefully employed, too much 111a- 
chinery has been put in motion, too mueh 
cotton has been spun, too mueh leather 
made-in short, not to particularize, tLe 
wants of the people have been too freely 
supplied. The economist will, of course, ad- 
mit, as Mr. Bunce say
, that there may be 
over-production of certain thin[s, but the 
ill eflects resulting from unùue production 
of certain tbings would be partial and local- 
ized, and would tend rapidly to correct 
themselves. :K othing short of general over- 
production would account for 
eneral de- 
pression. And 
o we are brought face to 
face with the proposition that there is an 
unhealthy excess of industrial energy in the 
world, and that it produces more of the 
ncc('s
arics of life than the worh:crs can 
profitably assimilate! 
A few" ords as to the proposed remedy. 
Of course, if it be admitted that o\"er-plo- 
duction is the cause, the cure is obviouð : 
it is to check production, and Mr. n\11
CC 
docs not hesitate to recommend a coüpeIa- 
tion of producers for that purpose. 
 Le 
adjm:tmcnt of indust1"Íal activity c

nnot be 
left to natural laws, but comùinations mu
t 
be formed whic-h shall see to it that t1:e 
forge-fires are not relit, and -that the idJc 
operative 81lalI remain idle. 'Yith millioLð 
of laborers waiting for wOlk, this seems like 
heroic treatment, but there is no way to 
limit production but to limit the amount of 
labor employed. And now we begin to see 
how" peculiarly erroneous" have been the 
commonly accepted ,"iews. The man who 
makes two blades of grass grow where one 
grew before; the inventor who, bJ macllin- 
ery, increases and clieapens the aggregate 
of things made; the industrious and frugal 
oppI'ative, who works long hours and saves 
his earnings-have hitherto been regarded 
as lIseful members of society. But this is 
all wrong; tbe" tramp" is your true con- 
sen.ator of puhlic welfare. He takes a 
share in that de
truction which leads to 
abundance, and he at least cannot be 
charged with contributing to the evil of 
over-production. 
Regarding the examplp of France, Prof. 
Price attributes the successful payment of 
the indemnity to the fact that France bad 
"saved "-accumulated. It would perhapA 
bave been better to sa
. it was because she 
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had acquired the habit of living within her 
means; but neither explanation would suit 
)11'. Bunce, who says it was solely due to 
tì1e m,anner in which bel' savings had been 
hela-they had been kept in old stockings, 
and, when unearthed, enabled the state to pay 
t he German exactions. The admi8sion that 
" saving ,. of any kind produced riches that 
were a.vailable under such an unusual strain 
L
 t
ttal to hb position; but, passing this, 
nothing could be more incorrect than the 
assumption that the enOl'mons levy was 
paid out. of stocking-
1Oard
. Less than ten 
pel' cent. of the sum was paid in coin from 
any source. The indemnity fund was drawn 
from three sources: 1. The exchanges of 
foreign trade (i. e., proceeds of current P)"o- 
duct ion); 2. By selling foreign bonds amI 
stock
 held in France (i. e., by converting 
the accumulated results of past production); 
3. By money borrowed fmIn foreign coun- 
tries (i. e., by discounting the proceeds of 
future production). This done, and realiz- 
ing that, though the levy was arranged, it 
was not made good, she has gone on pm- 
dueing with unparalleled vigor. 
On the other hand, Germany, upon the 
strength of her acquired millions, proceeded 
to make serious drafts on her available in- 
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dustry: 1. By the maintenance of a large 
standing army; 2. By the employment of 
vast amounts of labor in constructing forti- 
fications, iron-clads, and munitions of war; 
3. By unproductive private enterprises, un- 
duly stimulated by speculation. Of cOUl':o:e, 
productive industry must be restricted; 
commodities bave been made costly in price 
and poor in quality to such a degree that 
Prince Bismarck declines to allow Germany 
to compete in the Paris Exposition of 187t;, 
because of the mortification which would 
result from a comparison of her products 
with those of other nations. Here, wages 
have been paid, and wages have been r.e- 
ceived; that which Mr. llullce calls" diffu- 
Hion "has gone on, and, according to his 
theory of over-production, Germany should 
ha ve been spared the commercial evils that 
have beën felt in other countries. The 
fact is, she is worse off to-day than any na- 
tion that has a sound cunency, and one of 
her economic wI'iters suggests with some 
bitterness that 
he way out of her troubles 
is to engage in one more Wal', as the result 
of which she should have to pay five mill- 
iards of francs. 


E. R. LEL.\XD. 
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CLARENOE KING O...V OATASTROPIIISJL taken place within that tÍIne. It was 
M OST of our readers have probably a necessary inference that tlle forces 
read the brilliant address of 1tlr. which had been at work, and the ef- 
Clarence King on Catastrophism in Ge- fects produced, were on a scale of mag- 
ology, recently delivered at the Yale I nitude of which people know nothing 
Scientific School, and published in the nowadays. That the world had been 
newspapers. The speaker was fortu- drowned in a deluge was deemed cer- 
nate in his topic, which is not only of ìain; and that the whole march of ge- 
wide scientific and popular interest, but ological transformation haù been cat- 
one to which he has given special study aclysmal and convulsive was a natural 
from the American point of view. conclusion. Early geology, therefore, 
When men first began to observe explained things by catastrophes. 
geological phenomena, they were pro- But, with the progress of observa- 
foundly impressed with the grandeur of tion and the sobering of the imagina- 
their display of power. Rocky masses, tion, geologists began to suspect that 
miles in thickness, showed that stupen- the notion of catastrophes had been 
ùous forces had been at .work upon drawn upon a little too freely, and the 
them, upheaving, folding, distorting, question arose as to how far causes such 
and dislocating the mass of strata as as are now in operation can be in- 
if they had been sported with by voked to explain geological effects. It 
preternatural powers. Firmly believ- was recognized as safest to reason from 
ing that Nature is only about 6,000 the known to the unknown, and, as the 
years old, all this conjuring with the Mosaic barrier gave way, there seemed 
earth's crust was supposed to have endless time for the pIny of geological 
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changes. It was soon recognized that 
transformations, such as are now tak- 
ing place" with indefinite time, might do 
all that has been hitherto ascribed to 
catastrophes. A careful study of the 
yarietics and rates of contemporaneous 
change seemed to establish the conclu- 
sion that such action is sufficient to ac- 
count for all geological result::3. Those 
sudden and tremendous demonstrations 
of which we have no experience were 
discredited; catastropbes went out of 
fashion, and uniformitarianism became 
tbe dominant idea in geology. 
:Mr. King holds that this doctrine 
has been carrieù too far. Prof. Thomp- 
son and bis school have tried to corner 
the geologists on the question of time, 
maintaining on ph)
sical grounds that 
they must check thcir periods anù du- 
ration, w bich would necessitate the 
quickening of the activities, and tbus 
induce a return-movement toward ca- 
tastrophism. :hIre King does not argue 
the case from this point, but puts it on 
the ground of direct geological evidence 
that rates of action and change, of 
whicb the world at present knows' 
nothing, have been in play at former 
times on the American Continent. The 
following passages are illustrative of 
llis views: 
" I have thus hastily mentioned a few of 
the most important geological crust-changes 
in America whose rates are demonstrably 
catastrophic. Besides surface-changes in- 
volving subsidence, upheaval, faulting, and 
corrugation, all of which may be executed 
on a scale or at a rate productive of destruc- 
tion of life, catastrophes may be brought 
about by sudden, great c,hanges of climate, 
or by intense volcanic energy. In the latter 
field there are obviously no catastrophes of 
the first order. Geological maps of the globe 
have progressed far enough to demonstrate 
that conRiderable areas are, and alwaJs have 
been, free from actual ejection of volcanic 
materials. On the contrary, numerous great 
regions, notably the western third of our 
own continent, and the shores of the Pacific, 
were once literalIy deluged with volcanic 
ftres. An examination of the ejected rock 
shows that modern eruptions, by whieh the 
volcanic coned of the present period are 


slowly built up from sligbt overflows piling 
one upon anot4er, is not the method of the 
great Miocene and Pliocene volcanic periods. 
There were then outbursts hundreds of miles 
in extent, in which the crust yawned, and 
enormous volumes of lava rolled out, over- 
whelming neighboring lands. V olcanoeR 
proper are only isolated chimneys, imposing 
indeed, but insignificant when compared 
with the gulfs of molten matter which were 
thrown up in the great massive eruptions. 
Between the past and present volcanic phe- 
nomena there is not only a difference of de- 
gree, but of kiud. It is easy to read the 
mild exhibition of existing volcanoes as a 
uniformitarian operation, namely, the growth 
of cones by slight accretions; but such rea- 
soning is positively forbidden in the past. 
" If poor, puny little Vesuvius could im- 
mortalize itself by burJing the towns at its 
feet, if the feeble energy of a Lisbon earth- 
quake could record itself on the gravestones 
of thousands of men, then the volcanic pe- 
riod in Western America was truly catas- 
trophic. 
":Modern vulcanism is but thc faint, 
flickering survival of what was onee a world- 
wide and immense exhibition of telluric en- 
ergy-one whose distortions aud disloca- 
tions of the crust, whose deluges of molten 
stone, emissions of mineral dust, heated 
wl1ters, and noxious gases, could not have 
failed to exert destructive effect on tIle lite 
of considerable portions of' tIle globe. It 
cannot be explained away upon any theory 
of Blow, gradual actioIl. The simple field 
facts are ample proof of the -intensity and 
suddenness of tertiary vulcanism. 
" Of climatic catastrophes we have the 
record of at least one, 'Vhen the theory of 
a glacial period came to be generally accept- 
ed, and the destructive effects of the inva- 
sion of even middle latitudes by polar ice 
WC1"e realized, especially when tIle devastat- 
ing effects of the floods which were charac- 
teristic of the reccssion of the ice cnme to 
he studied, uniformitarianism, pure and 
im- 
pIe, received a fatal blow. I am aware that 
British students believe themselves justified 
in taking uniformitarian views of the bowl- 
der till, but they have yet to encounter phe- 
nomena of the scale of our quaternary exhi- 
bitions. 
" A most interesting comparison of the 
character and rate of strpam erosion may be 
obtained by studying, in the 'Vestern Cor- 
dilleras, the river-work of three distinct pe- 
riods. The geologist there finds prm;erved, 
and wonderfully weU exposed: 1. Pliocene 
Tertiary river-valleys, with their bowlders, 
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gravels, and sands, still lying undisturbed view with the question of Evolution. 
in the ancient bedl::l; 2. The system of pro- It is imputed to !litn by the newspapers 
found cañons from 2,000 to 5,000 feet deep, that be arrays Catastrophe against Evo- 
which score the flanks of the great moun- 
tain _ chains. and form such a fascinating lution, to the destruction of the latter 
object of study, and not less of wonder, be- doctrine; but this is an error. lIe la- 
cause the gorges were altogether carved out bors to sbow the inadequacy of )[r. Dar- 
since the beginning of the glacial period; 3. win's theory of natural selection to ex- 
The modern rivers, mere echoes of their plain organic development; but, as we 
parent I::Itreams of the early quaternary age. llaVe said, again and again, Darwinism 

-\s between these three the early quater- 
nary rivers stand out 8S vastly the most is not Evolution, and the most eminent 
powerful and extensive. The present rivers evolutionists recognize the tendency to 
are utterJy incapable, with infinite time, to load the law of natural selection with 
perform the work of glacial torrent8. So, a good deal more than it can carry. 
too, the Pliocene streams, although of very 
Ir. King recognizes that the principle 
great volume, were powerless to wear their of tbe 
'survival of tbe fittest" is a 
way down into solid rocks thousands of 
feet at the rapid rate of the early quater- true principle tbat has played an im- 
nary :floods. Between these three systems portant part in organic progress, but 
of rivers is all the difference which sepa- wbich is supplemented by other agen- 
rates a modern (uniformitarian) stream and cies in the general scbeme of Evolution. 

 terrible catastrophic engine, the expres- That Catastrophism is not regarded as 
sion of' a climate in which struggle for ex- fatal to Evolution is at least true of one 
i
tence must have been something absolute- 
ly inconceivable when considered from the of its most illustrious representatives, 
water precipitations, floods, torrents, and for Mr. King remarks, "Huxley, per- 
erosions, of to-day. meated in every fibre by belief in Evo- 
"Ulliformitarians are fond of saying that lution, feels that even to-day Catastro- 
gh'e our present rivers time, plenty of time, phism is not yet wholly out of the 
and they can perform the feats of the past. 
It . . th f t1 - possibilities." And S p eaking of the 
IS mere nonsense In e case 0 Ie canons .- 
of the Cordilleras. They could never have I two theories of unqualified Lniformi- 
been carved by the pygmy rivers of this cli- tarianism and universal Catastrophism 
mate to the end of infinite time. And, as (as held by Cuvier), .Mr. King declares 
if the sections and. profiles of the cañons that be rejects them, Hnd says: "Hux- 
were not enough to convince the most skep- 1 I . I . 
t " I t d h ] ft I d d f " d ey a one among promInent evo utIOn- 
lca s u ent, t ere are e lUn re s 0 ry . . 
rÏ\'er - beds, within whose broad valleys, Ist
 opens the doo.r for a unIOn of the 
flanked by old steep banks, and eloquent I resIdua of trutb In the two 
chool
, 
with proofs of once-powerfui streams, there fusing them in his proposed 'Evolu- 
is not water enough to quench the thirst tional Geology.' Looking back over a 
even of a uniformitarian. Those extinct trail of 30 000 miles of creological travel 
rivers, dead of drought, in connection with d ft ' I b h I ' 
_ , an a er as c ose a researc as am 
the gre
t canon system, present perfectly . . 
overwhelming evidence that the general capable, I am Impelled to say that IllS 
deposition of aërial water, the consequent far-sighted view precisely satbfies my 
floods and torronts, forming, as they all do, interpretation of the broad facts of the 
the distinct expression of a sharply-defined American Continent." 
cycle of climate, as compared either with In tllis conception of evolutional 
the water phenomena of the immediately I M K . . I d t . 
.. . "'eo o"'v r. In C1 IS e 0 aSSH!n a 
pt"ecedmg Phocene age, or wIth our own b . o
 , b. b 
succeeding condition, constitute an age of hIgher place than has hItherto been al- 
water-catastropl1e whose destructive power lowed to wbat he terms" evolution of 
we only now begin distantly to suspect." environment," which he regards as a 
Having given his reasons for reject- ùistinct branch of geology that must 
ing the idea of uniformity in the course soon take a recognized fornl. lIe as- 
of N atnre, especially in 'Yestern Amer- sumes a property of plasticity in organ- 
ica, 
Ir. King proceeds to connect his isms, by wllicb they are capable of ac- 
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celerated changes in response to catas- 
trophic disturbances in the environment. 
'Gpon this point he remarks: 
" It is only through rapid movements of 
the crusts and sudden climatic changes, due 
either to terrestrial or cosmical causes, that 
environment can have seriously interfered 
with the evolution of life. These effects 
would, I conceive, be-I. Extermination; 
2. Destruction of the biological equilibri- 
um, thus violating natural selection; and, 
3. Rapid morphological change on the part 
of plastic species. \Vhen catastrophic 
change burst in upon the ages of uniform- 
ity, and sounded in the ear of every liv- 
ing thing the words' Change, or die,' plas- 
ticity became the sole principle of salvation. 
Plasticity, then, is that quality which, in 
suddenly enforced physical change, is the 
key to survival and prosperity. And the 
survival of the plastic, that is, of the rapidly 
and healthily modifiable during periods 
when terrestrial revolution offers to species 
the rigorous dilemma of prodigious change 
or certain death, is a widely different princi- 
ple from the survival of the fit
est in a gen- 
eral biological battle during terrestrial uni- 
formity. " 


THE LA TEST CASES OF HERESY. 
TIm turning out of the Rev. Augus- 
tus Blauvelt, of the Dutch 'Reformed 
Church, by the Kingston tribunal, for 
nlleged heresy, is one of the things so 
common nowadays as hardly to excite 
notice, and we should probably have 
beard little of this case bad it not been 
that tIle theological body saw fit to put 
the trimmings on to the transaction in 
a way that was not agreeable to the 
reverend excommunicate. Not content 
to depose 
rr. Blauvelt from his charge 
for non-conformity to the creed which 
he had ag-reed to uphold, they thought 
it desirahle to give the proceeding an 
extra touch, and so accused him of be- 
traying his )[aster. 1\[1'. Blauvelt says 
that, when he found it impossible any. 
longer to accept the creed to which he 
had subscribed, he would gladly bave 
resigned, but the polity of the society 
did not allow it; und when tbey found 
it necessary to Cl
t bim off, he should 


have recognized the propriety of it, 
and acquiesced witbout protest. But 
when tbey proposed to "spot" him, and 
fasten on him the label of Judas, to save 
otber denominations the trouble of 
looking into bis character and belief, if 
they were so inclined, he did not assent, 
but appealed to a bigher organization. 
lIe thougbt tbat, if such an outrage as 
that was to be perpetrated, it bad bet- 
ter not be done in a corner, but by thp 
whole responsible body in a conspicuous 
place, and where dissenters, if any tbere 
sbould be, migbt have the credit of 
favoring fair play. In tbe final issue, 
twenty-six men voted that the society 
had nothing further to do tban to ex- 
scind the teacber w bo no longer taught 
approvingly. But ninet.y men thouglJt 
differently, and seemed deeply to feel 
that every fagot, thumb - screw, and 
dungeon, of the last eighteen hundred 
years, and all the instruments and 
agencies of religious conformity, would 
be disbonored if this writer of inde- 
pendent articles in Scribner's Jlagazine 
did not get an extra kick at parting- 
all that tbe law allows in 1877. 
But with these tactics of tbe Dutch 
Reformed Churcb we are not much 
concerned: what interests us far more 
is the initial aspect of the case, or that 
working of the tbeologicnl polity which 
at the outset binds the conscience and 
fetters the thought of all who assume 
tbe function of public teachers, in its 
jurisdiction. The deeper question is 
one of religious liberty, of tbe rights of 
conscience, and the prerogative of in- 
dependent expression. From this point 
of view, otber recent caseS are of in- 
terest. 
Tbe Rev. 
Ir. !Iiller, of Princeton, 
got into a dangerous way of thinking 
for himself, about the creed of his 
cburch, and, not being pious and politic 
enough to crush. hi
 rising queries a
 
instigations of tbe devil, had the hon- 
esty to announce some conclusions 
about the mystery of the Trinity which 
were unpalatable to tIle Sanhedrim to 
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which be was accountable; whereupon 
they su
pended hhn fronl the author- 
ized ministerial fUllction. 
And now there comes report of 
another case of specially remarkable 
features, in Scotland. A distinguished 
divine has been condemned by his 
church for heresy in contributing a 
valuable and important article to an 
influential publication. The great issue 
comes out here in a conspicuous and 
somewhat startling way. It is useless 
to deny that the n10st remarkable thing 
about this age is the activity of inquiry, 
and the progres
 of knowledge. More 
and more, people will scan their tradi- 
tions, overhaul their opinions, and in- 
vestigate their truth; and every subject 
upon which they can hold opinions is 
undergoing this inexorable revision. 
The consequence is, that errors are 
sifted out, beliefs that fail to stand the 
test are gradually corrected, and knowl- 
edge is steadily extended. These pro- 
cesses are so real and so rapid that 
great works, which represent the gen- 
eral state of thought at one time, in a 
few years require extensive readjust- 
ment. The eighth edition of the" En- 
cyclopædia Britannica," which was 
publishe(l in 1857, was a comprehensive 
and faithful representation of the state 
of general thought at that time. But 
the numerous and important advances 
of knowledge made since have left it 
so far behind that it becaIne necessary 
to reconstruct it. This is now being 
done, and several volumes ha"\"e ap- 
peared. Among other subjects to be 
dealt with was the BiLle; and, strange 
to say, there 1U1S been a great deal of 
progress and modification of opinion 
in regard to the origin, interpretation, 
and lJistory, of tllis important work, 
within the last twenty years". The eùi- 
tors were responsible before the world 
for the honest and faithful treatment 
of the subject. There could be no 
fiinchin
 from tlw duty of a thorough 
st[ttement upon tIle suhject here, any 
more than in the departments of physical 
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science. Very natural1y the ahlest and 
best-equipped student was sought to 
deal with so delicate and critical a suh- 
ject. Prof. Robertson Smith, of the 
Theological Seminary at Aberdeen, was 
selected for the duty. It cannot for a 
moment be supposed that a gentleman 
of position and abi1it)', such as would 
be chosen for this work, and writint; 
for the thinkers of the world in so 
distinguished a publication as the "En- 
cyclopædia Britannica," would fail to 
treat the subject with the severest care, 
in the genuine spirit of truth-seeking, 
and with all the honor of tbe mo
t 
elevated sc1}olarship. And such is the 
character of the essay. It is written 
with masterly ability, and is so full of 
interesting and important information 
with which everybody should be famil- 
iar, t113t we shan print it in full in the 
next number of THE POPULAR SCIEXCE 
SUPPLE
IEXT. Yet the Free Church of 
Scotland has been thrown into con- 
sternation by the article, and Prof. 
Smith has been summoned before the 
General Assembly and suspended, antI 
it is reported that he is to be formally 
" tried." Meantime, the world ,vill be 
interested, and win assiduously read the 
essay. 
Now, we call attention to the con- 
trasted policy of Science in the same 
circumstances. If we turn to the arti- 
de "Chemistry," in tIle "Encyclopæ- 
dia Britannica," we shaH see that here 
also great advance is inc1irated. There 
has, in fact, been a revolution AO radi- 
cal and complete, that those familiar 
with the old statement may find them- 
selves bewildereù by the novelty and 
strangeness of the presentation. Yet 
nobody hears about any perturbation 
or alarlTI in the chemical world, or 
about Prof. Armstrong being arraigned 
before the Chemical Society anù sus- 
pended for heretical teadlÎng. 
Obviously there are here two intel- 
lectual procedures, which are not only 
differcnt, but antagonistic. On the one 
hand, there is recognition that truth is 
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the supreme end to be sought; that it one man of science there are ten doc- 
is yet but partiaUy known; that doubt tors of divinity. A system of educa- 
respecting its received forms, and the tion dominated by theology is one 
subjection of them to the most inex- which embodies the theological spirit 
orable te
ts, is an imperative duty; and in its methods of culture. 'fhat that 
that the noblest mental occupation of slJirit is, as respects freedom of thought, 
man is the free exercise of his powers and the duty of its teachers in the for- 
in questioning recei \
ed beliefs, on any mation of their opinions, we have seen 
find all subjects, and attaining to clefir- in the recent treatment, by large find 
er, more elevated, consistent, and valid fiuthoritati ve. bodies, of Blauvelt, Miller, 
opinions. It is the office of Science to and Smith. Truth was not permitted 
push destructive criticism to the utter- to be their object. The right of private 
most limit, in every direction of thought, judgnlent, and the consequent right of 
in the steadfast faith that truth will the free expression of its results, were 
thereby be the gainer, and views more made crimes to be l)unished. The lib- 
find more clearly established, against erty to doubt, and from that starting- 
which àestructive criticism will be pow- point to go on to something more true, 
erless. is not only not encouraged, but is pro- 
Accordingly, in every thoroughly hibited. 
managed scientific school in the world, The newspapers, indeed, say, in 
the students are taught, first of all, to commenting upon 
Ir. Blauvelt's case, 
he dissatisfied with things fiS they find that tIle ecc1esiastical decision was right, 
them-are trained to skeptical habits inasmuch as he had violated his en- 
in regard to all that .of which the proof gagements with the Church: he agreed 
is not perfect; and are, moreover, es- to teach certain things, and was bound 
pecially required to enforce this disci- by his contract. Possibly; hut we pro- 
pline upon themselves by questioning test against this degradation of the func- 
the evidence of their own results, and tion of the teacher, especially on the 
by welcoming frOlD any quarter the most important subjects, to that of 
hostile criticism that shall' overthrow merely carrying out the literal stipuIa- 
the conclusions they suppose themselves tions of a bargain. Com.merce may re- 
to have established. This is, perhaps, quire this, but it is not favorable to the 
an ideal to which but few scientific stu- attainment of religious truth. Where 
dents fully attain, both because of its would the Protestant Reformation have 
essential difficulty, and because scien- been, if this theory of religious con- 
tific education is as yet but a very par- tracts had been strictly adhered to? 
tial influence in moulding the mind; And what is the meaning of religious 
while the whole force of current and liberty, if those who teach religion are 
traditional culture is thrown in favor not to be allowed to think? Moreover, 
of a very different system of ideals, as men can no more help thinking thán 
ethics, and objects, in the work of men- breathing, what is to become of the re- 
tal cultivation. ligious conscience, if they are not al- 
It is very different in the religious lowed to utter what they think 
 
sphere. Theology is older than science, But granting that men must fulfill 
and, by the mass of the people, is re- their ohligations, the deeper question 
gardcd as a thousand times more im- then arises as to their right to assume 
portant. Theological teachers have such ohligations. The theological policy 
been the great pioneers of education in being fixed, what right had either Dlau- 
tbe past, and are still overwhdmingly velt, Miller, or Smith, to subject him- 
in the control of it. AJnong the presi- I self to it, so that by the legitimate 
dents of our coHeges, where there is and independent exercise of his o\\"n 
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mental faculties he should be liable to most exalted and ennobling in intel- 
be cast out of his communion as an 1ectual effort, and say to them, "One 
heretical culprit 1 '\VLat right had excellent and most useful purpose which 
they, or what right bas any man, to the imagination subserves at the hands 
fi

mme that a statement of doctrine of the gifted few wllOln the bigher de- 
at any time is final, and to enslave velopment of tbis faculty makes leaders 
themselves to its life-long. acceptance 1 of thought, and watchful guardians of 
This question is one for theological stu- human progress, is, to' put men of sci- 
dents, and if the decisioni at Kingston, encè on tbeir proper level, anù to teach 
Princeton, and Aberdeen, are to be them to know their place?" Various 
taken as indicating the authorized policy queries might arise at this point, but as 
of the orthodox world, the young man I the doctor evidently went over to the 
who contemplates entering that field of literm'y society to unbend, and bave a 
labor sbould make np his n1ind whether frolic of fantasy in their direction, he 
he is prepared to cut himself off' from probably thought it not worth while to 
the spirit of the age, to abjure the pur- take his logic along, and spoil the fun. 
suit of truth, and sink into the office of And 80 notbing remains but to improve 
a mere passive repeater of cut-and-dried his wholesome lesson. 
formulas, prescribed to him by the 
powers to which he contracts allegiance. 
He must understand that the less he 
can have to do with science the safer it 
will be for him. Its spirit will rebuke 
him at every step. He will have, more- 

:r?er, to learn that theological science, 
so called, is a misnomer and a mockery. 
Where tbe scientific element enters, 
movement begins, and progress ensues. 
It implies intellectual activity, free 
questioning, escape from error, and ad- 
vance to new conclusions, and upon all 
this, from present indications, there re- 
mains the interdict of theological au- 
thority, paralyzing free thought, just as 
it did centuries ago. 


WE print an essay of Dr. Coues, the 
naturalist, which will sufficiently vindi- 
cate scientific llien from the iml)utation 
of not doing honor to the regal faculty 
of imagination. No brain-cracked poet 
could go further in rhapsodical glorifica- 
tion of the image-making power of the 
mind than this devotee of observation 
and induction. What more can be 
asked to disprove the alleged arrogance 
of scientists, and to establi'sh their char- 
acter for humility, than for one of their 
eminent representatives to go over into 
the midst of the guardians of all that is 
VOL. XI.-32 
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THE CVCLOPÆDIA OF EDUCATION: A Dictiona- 
ry of Information for the Use of Teach- 
er's, School-Officers, Parents, and Others. 
Edited by HE
RY RIDDLE and ALEXAN- 
DER J. SCHEM. Pp. 868. Price (cloth), 
85. (Sold by subscription.) X ew York: 
E. Steiger, 
IT is a curious fact that, while The edu- 
cated class in England and this country have 
been for a hundred years D).aking cyc1opæ- 
dias on all sorts of subjects for other peo- 
ple, they have only just now succeeded in 
getting one for themselves. Lawyers, doc- 
tors, clergymen, architects, engineers, and 
farmers, all have their alphabetical summa- 
ries of special knowledge for ready refel'. 
ence, until such works have long since come 
to be indispensable; but only this year have 
we 5.rst got a cyclopædia of education in 
the English language that will give teach- 
ers, school. boards, and all interest{'d in the 
subject, available and easy command of the 
wide range of information which bears upon 
the vocation ofinstructor. The explanation 
of this tardiness is not obvious, for no sub- 
ject is more amenable to this mode of treat- 
ment, aud certainly none more imperatively 
requires it. But it does not much matter 
how long the work wa
 delayed, now that the 
want has'been so adequately and admirably 
supplied by the work before U5. The editors 
have been equal to their formidable task, 
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and have laid out the enterprise on a com- 
prehensive and judicious plan, and have 
brought .their own ability and experience, 
aided by the best talent in the country, to 
the execution of it. 
There is difficulty, in our space, in re- 
viewing a work so elaborate as this, and so 
packed with attractive statements that one 
is tempted to read it through like a history; 
and all we can do is to convey to our read- 
ers some idea of the quality and scope of its 
contents. Among the subjects systemati- 
cally and prominently treated are: 1. The 
Theory of Education and' Instruction, em- 
bracing, under numerous headings, a state- 
ment of the principles that have been ar- 
rived at by scientific inquiry and practical 
experience for guidance in the work of 
teaching. These results apply to alJ the 
. grades of instruction and training, from the 
Kindergarten up to the university. 2. The 
Organization and Management of Schools, 
including discipline, class-teaching, and the 
art of instruction, or the general subject of 
school economy. These topics are consid- 
ered with the fullness that their obvious 
importance requires. 3. Careful attention 
is given to the administration of schools 
and school systems, embracing supervision, 
examination, school hygiene, school archi- 
tecture, etc. 4. State Policy i
 relation to 
Education, a subject of peculiar importance 
in this country, not only because of the ex- 
tent of legislative control over the subject, 
but because of the diversity of government 
action in the different States. 5. Much space 
is devoted to the history of education, both 
the general history of school methods and in- 
stitutions in different parts of the world, and 
particularly the history of the school systems 
in the different States and Territories of this 
country. 6. Biographical Notices of Emi- 
nent Educators form a distinct and very at- 
tractive branch of the work. 7. The Statis- 
tics of Education, or the data of its extent 
and progress, are comprehensively presented. 
8. The subject of Educational Literature 
forms a very interesting feature of the work, 
and is ably handled. Of this the editors 
say: "As the immense mass of material to 
be condensed within the compass of a single 
volume has necessitated the greatest possi- 
ble brevity, reference:; are made throughout 
to standard works on educational science, 


as well as to statistical works; affording 
more detailed- information. It is believed 
that this will prove one of the most valuable 
features of the work." 
Besides these leading topics, which are 
treated methodically in their various as- 
pects, a great number of misceIlaneous sub- 
jects pertaining to human culture are so 
fulJy presented as to enrich the volume and 
greatly to incre.ase its efficacy as a reference- 
book for the teacher. The perusal of vari- 
ous articles, which may be taken as repre- 
sent.ative, has satisfied us of the painstaking 
assiduity and excellent judgment of the 
editors in carrying out the project. They 
are not only the :first in this country to do 
the work, but they have evidently done it 
so well that there will be no necessity of 
again attempting it. "The Cyclopædia of 
Education" should be in every library, and 
in the hands of every teacher. We may 
add that the work is handsomely printed, 
neatly and substantially bound, and forms 
an inviting volume that is not too unwieldy 
for habitual reference. It is sold exclusive- 
ly to subscribers, and can be had only from 
the special subscription agents, or from the 
publisher. 


RECONCILIATION OF SCIENCE AND RELIGION. 
By ALEXAXDER 'V INCHELL, LL. D. 
New York: Harper and Brothers. 
Pp. 403. Price, $2. 
THE question of the relations of sci- 
ence and religion receives a new treatment 
in this interesting volume. Though the 
title of his book brings into prominence 
the idea of peace, or of a terminated con- 
flict, yet the work itself, it must be said, is 
mainly occupied with the antagonism. The 
warfare is historic and a living struggle of 
to-day; the reconciliation'a promise of the 
future. But, in respect to the questions at 
issue, Dr. Winchell claims to take a non- 
partisan attitude, favorable to a calm and 
fair survey of the field of controversy. At 
any rate, he does not try to end the strife 
by belittling it. The opposition between 
religion and science is not illusive; he rec- 
ognizes its reality, its extent, itfl impor- 
tance, and its difficulties. He seems, in- 
deed, to regard it as a part of the great 
system of conflicts and count.eractions in 
Nature) such as attraction and repulsion, 
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polar antagonism, centripetal and centrifu- 
gal forces. The intellect which gives origin 
to science, &nd the sentiment of faith, or 
instinct of worship, which givcs origin to 
religions, work in opposite spheres, and 
work against each other by action and re- 
action in historic periods, which the writer 
designates as psychic cycles.' How deep is 
this necessity of contest, and how wide its 
field of operation, in the author's opinion, 
may be gathered from the following open- 
ing passage of Chapter II.: U I have at- 
tempted to show that tbe esscntial natures 
of the religious and the intellectual forces 
in man foreordain a species of antago- 
nism; that this perpetual antagonism is 
not, nevertheless, an abnormal condition, 
but a grand example of the universal econ- 
omyof God, who has ordained antagonism 
as the condition of progress in the natural 
and the moral worlds. I have deduced 
from the necessary relation of the ethical 
and cognitive powers a necessary series of 
05cillations in the relative dominance of re- 
ligious and intellectual inßuencfs in the 
lives of men; and have indicated that the 
exponent of these oscillations has beell, as 
it must be, a series of alternating periods 
of religious and of intellectual activity and 
progress. Such alternations, since the an- 
tagonizing forces belong to humanity as 
such, must characterize the history of an 
nations, all races, and all times." 
He then proceeds U to show that the 
facts of the religious and intellectual his- 
tory of the human race illustrate and con- 
firm these deductions, and become in real- 
ity a broad inductive basis on which these 
propositions may be rested as valid gener- 
alizations. A prolonged and attentive 
study of the facts which make up the re- 
ligious and intellectual history of our race 
has caused my attention to be di!,ected 
to the following facts subsidiary to the 
general induction: 1. Religious faith re- 
cedes from its normal condition to one of 
abnormal subordination, or adv
nces to 
one of abnormal supremacy; 2. Intellect 
from its normal condition either advances 
to a haughty dictatorship or falls into a 
condition of scr\""itude; 3. These move- 
ments of faith and intellect are reciprocal 
and responsive; 4. The direction of the 
movement is determined by the initiative: if 
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faith lead in activity, a religious phase suc- 
ceeds; if intellect take precedence, reli- 
gious pretensions shrink, and an intellectu- 
al phase succeeds. The two phases com- 
plete a psychic cycle." Four of these 
psychic cycles are traced in the course of 
Christian history. 
This is an original and ingenious con- 
ception by which Dr. 'VincheU is enabled 
to group and arrange the elements of his 
discussion, historic, religious, philosophic, 
and scientific, in a very instructive manner 
for his purpose, and on this account the 
exposition is certain to be read by general 
students with interest and profit. Dr. 
Winchell's work will do especial service, 
among religious readers, by making the 
whole discussion, as we might say, a piece 
of natural history; that is, he treats it in 
both its aspects,' as a part of the method 
and phenomena of Nature. ',","hile holding 
to the inspiration of tbe Bible, and the su- 
pernatura.l claims of Christianity, as mat- 
ters of his own special faith, he neverthe- 
less holds to the validity of the universal 
religious sentiment in man, and which is as 
much a subject of rational inductive in- 
quiry as are the physical sciences them- 
selves. 'Ve can hardly overrate the gain 
thus secured, by bringing the whole inquiry 
into tbe scientific sphere, and conducting 
it in the broad judicial spirit which genuine 
science always imposes. 
In one respect, we think Dr. Winchell's 
work is open to critical objection: it fails 
to state, as fully as the subject requires, 
the bearing of the doctrine of Evolution 
upon the questions in issue. He gives a 
cautious adhesion to the biological aspect 
of this theory in the foHowing passage from 
the preface: "In reference to the much- 
mooted scientific question of the derivative 
origin of species, the reader will detect in- 
dications of a growing faith. A certain 
class of proofs has been accumulating at a 
rapid rate; and the author's present con- 
viction is, that the doctrine of the deriva- 
tion of species should be accepted. n 
Kow, if the doctrine of descent, as here 
referred to, is to be accepted at all, it is 
on the ground of its truth; and, if it be 
true, it does not fo:tand alone or as a propo- 
sition with which we bave no further con- 
cern than simply to approve or reject it 
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If the o1Jigin of specÏ(>s by derivation is es- vital core of beliefs, and the conversation of 
tablished, it goes a great deal further and their formulas, but what we want most to 
gives us the origin of IUany more things. It know is, the laws of change, transformation, 
must be taken as an indication of the plan and expansion of religious ideas, in relation 
of Nature, of which man is a part, so that to man's intellectual development-what 
the career of humanity is at once brought falls away and what survives. Dr. 'Yinchell 
under tbe law of development. If there recognizes the progress, and gives us the 
be truth in evolution, we are bound to go final result, in a form so generalized, that we 
by it; and if man's religious nature has had can only find the constants just named by 
an unfolding, like the other elements of his some stretch of implication. He says: U The 
being, that fact must certainly be of the next psychic cycle, it seems to me, will wit- 
greatest moment in determining the rela- ness a synthesis of thought and faith-a 
tions of religion and science. As to har- recognition of the fact that it is impossible 
mony or conflict, the question at once for reason to find solid ground that is not 
arises at what stage it is taken, and what consecrated ground; that all philosophy aud 
are the traits of that change in which aU science.belong to religion; that all truth 
man's religious progress consists. Dr. is a revelation of God; that the truths 
'Yinchell, as we have said, affirms the uni- of written revelation, if not intelJigible 
T"ersaJity of the religious element in man, to reason, are nevertheless consonant with 
and deduces its validity from its universal- reason; and that divine agency, instead of 
hy, but he ought to have eliminated from standing removed from man by infinite in- 
it the transitory, or what can be outgrown, tervals of time and space, is, indeed, the 
and told us what there is about it that is true name of those energies which work 
essential and permanent, and to be finally. their myriad phenomena in the natural 
harmonized with science. He enumerates world around us. This consummation-at 
the following as the grand facts common to once the inspiration of a fervent religion 
the religious faiths of the "orId: 1. A Su- and the prophecy of the loftiest science-is 
preme Being, the author of all things in ex- to be the noontide reign of wedded intellect 
istence; 2. A revelation of the Supreme I and faith, whose morning rays already 
Being either in sensible things or in the stream far above our horizon." 
inteHigence of inspired men; ? A system 
of worship-which is either instinctive TGRKEY. By JAMES BAKER, M. A. Kew 
and aimle8s, or intended to propitiate the York: Henry Holt & Co.. Pp. 495. Price, 
Deity and win happiness for the worshiper; $4. 
4. Prayer, the universal cry of humanity in THE problem of the Turkish Empire, the 
distress; 5. Future existence; 6. :Moral great anomaly in European civilization, bas 
responsibility; 7. A system of future re- long occupied the attention of those inter- 
wards and punishments; 8. A priesthood ested in international politics-an interest 
charged with the direction of religious greatly heightened, of late, by the Russian 
ceremonies, and clothed with a special in- invasion of Turkey, and the threatened com- 
vestiture of divine authority and power. pHcation of other states in the struggle. 
He says: "These facts I find to be the con- To those whose solicitude about the Orien- 
stants in the varying faiths of mankind. tal question leads them to inquire into the 
I will add that two other facts reveal them- condition of the people most deeply con- 
selves in most of the religious systems of cerned the present volume will be eminently 
the world-both the greater and the less. welcome. 'Ve lately called attention to Mr. 
These are: 1. A belief in the efficacy of 'VaUace's admirable book on "Russia." 
vicarious expiation; 2. An expectation of Colonel Baker's volume gives us a corre
 
a Redeemer." sponding picture of Turkish life and cbar- 
These are, no doubt very widely-spread acter, the political institutions, religious 
bdiefs, but they have had very different peéuliarities, and material resources of the 
meanings among different races, and at empire. The book is full of very interesting 
different times. In tbis field, preëminent- information upon this class of subjects, 
'S. we are familiar with the decay of the much of which is fresh, and calculated to 



dispel erroneous impressions, and many un- 
just prejudices that are entertained in Chris- 
tian countries, concerning the Turkish peo- 
ple. Turks are known to the outside world 
chiefly through their government, which is 
bad and corrupt, and shamefully misrepre- 
sents the population which it rules. After 
sketching some historic features of Turkish 
character in former times, in Chapter VII!., 
Colonel Baker goes on to say: 
"There is one point in common with both 
the past and the pre
ent, snd that iB that the 
Turkish rank and file, the real pith of the na- 
tion, were then, as now, distinguished for their 
patience, discip1ine, sobriety, bravery, honesty, 
8nd modesty, and to these qualities I may also 
add that of humanity, although I I\no\V it wiH 
excite an indignant exclamation from many at 
the present moment. But look at the Turkish 

oldier in private life, and you find him gentle 
and kind to children and women, and exceed- 
ingly fond of animals. His first thought after a 
long and tiring day's march is his horse. As 
Eloon as he has made the animal comfortable, 
then he thinks of the man. 'When he iB exas- 
perated by what he thinks insults to hi
 creed
 
be kills and Blays as his teaching tellB him, and 
be app.ears a fanatical madman; but he is then 
outside his real nature, and not within it. It is 
but the other day that I saw thirteen thousand 
of thCl3e brave men arrive fresh from the front 
and all the hardships of the Servian campaign. 
They were billeted for ten days 811 over the town 
of Salonica, and there was not a single com- 
plaint., or cause for complaint of their conduct, 
from man, woman, or child. 
"The Btreets, although fined with soldiers, 
were as quiet as in ordinary time
. 'Vhat other 
troops in the world would behave in such an ad- 
mirable manner? Read the greatest authorities 
on the subject. Yon Hammer, Gihbon, Boué, 
lJbicini, Creasy, and all agree in praise of both 
the past and prc!"ent character of the Turkish 
rank and file. But it is the rank and file that de- 
picts the character of the nation, and not the 
corrupt oligarchy, which from its prominence 
misrepresents it. We find, then, that the rank 
anrl file of the Turkish people is the Bame now 
as ever, t!0 that it is not the nation but the rulers 
which have changed, and this ('ban
e has been 
brought about through the corrupt in1luences 
which were handed over to them by the 'Byzan- 
tine Empire. 
H As soon, therefore, as the bead of the Turk- 
ißh nation 8hall be purified, we shall ftlld the 
whole cOllstitution in a healthy Atate-there is 
no disease of the body. The combination in 
Tnrki8h government of despotism with the free- 
dom of the most democratic of rE'pnblics is 
unique. In Turkey there is no aristocracy. All 
men bclow the Bultan are equal, not only in the 
eyes of the law, but by creed aud cu
tom, A 
shoeblack may be made grand-vizier, and it is 
by no means uncommon to 
ee some of the high- 
est officials of the state who have been servants 
to predeces80rs in office." 
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The volume is written in a pleasant, un- 
ambitious style, the writer's object being 
evidently to tell the story of the Turks in a 
plain, direct, and instructive way. 


ELE)IE:NTARY CHEMISTRY: .A. Text-Book for 
Beginners, designed as an Introduction 
to Barker's Chemistry. By S. F. PECK- 
HAM, A. 
I. Pp. 254. Price, $1. Louis- 
ville, Ky.: John P. Morton & Co. 
THIS is a neatly-bound, neatly-printed, 
and neRtly-illustrated school-book, designed 
for beginners; and the author says that his 
U object has been to supply a work for ele- 
mentary schools which should be as nearly 
as possible equal in quality to the text- 
books of Barker and Eliot and Storer." He 
could not have taken better models. A 
peculiarity of the book is, that the work 
of learning and 'instruction is carried on by 
tbe artifice of conversation between Harry, 
George, Lucy, and LucIe Louis, which raises 
the question whether much of their talk is 
worth the space given to it. 'rhe illustra- 
tions run into the pictorial, regardless of 
the publisher's purse, and it is an aim of 
the writer to make the book introductory 
to agricultural stuùies. 


THE FORCES OF N .ATURE: A Popular Intro- 
duction to the Study of Physical Phe- 
nomena. By AMÉDÉE GUILLEMIN. Trans- 
lated from the French by }Irs. Korman 
Lockyer, and edited, with Additions 
and Notes, by J. Korman Lockyer, F. 
R. S. Illustrated by nearly 500 Engrav- 
ings. Part I. Pp. 40. Price, 40 cents. 
London: Macmillan &. Co. 
THE great success of the elaborate vol- 
ume under the foregoing title, both in 
France and England, has induced the pub- 
lishers to enter upon its r('issue in parts, 
with th(' view of cheapening it, and bring- 
ing it to the attention of a wider circle of 
readers. It is hardly necessary to repeat 
what we :mid in reviewing it, that the book 
is superbly illustrated, anù is very clear and 
popular in the stJle of its text. It will be 
completed in eighteen parts. 


TRAN
ACTIOXS OF THE "T ISCOXSIN ACADE}IY 
OF SCIEXC'ES, ARTS, AND LETTERS. Vol. 
III. 1875-'76. Pp. 269. 
THIS volume of 269 pag-es comprises 
twenty-four papers read before the Åcad- 
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emy, of which thirteen were read before the 
department of the natural sciences. Several 
of these illustrate the geology and natural 
history of \Visconsin, but are of general as 
well as of local interest. Others give the 
results of archæological researches ill the 
State, with several illustrations. 
The departments of letters, of the social 
and political sciences, and of speculative 
philosophy, are represented by papers of 
ability from specialists in the respective de- 
partments. A paper on recent progress in 
theoretical physics by Prof. John E. Davies, 
of the University of 'Visconsin, is an able 
résunïé of researches on that subject. 
A summary of proceedings of the Acad- 
emy since 1874 is given, and not the least 
interesting portions of the volume are me- 
morials commemorating the labors and worth 
of two deceased members, the late Prof. 
Peter Engelmann, and the eminent Dr. J. 
A. Lapham, first secretary of the Academy. 


A COURSE OF LESSONS IN MODELING WAX 
FLOWERS, designed especially for Be- 
ginn('rs. By FLOREKCE I. DUNCAN. 'Vith 
Illustrations. Philadelphia: J. B. Lip- 
pincott. Pp. 94. 
THIS little book is intended as a prac- 
tical guide to the art of modeling flowers 
in wax. The author aims to give such ex- 
pJicit directions for the sc1ection of mate- 
rials, and their proper manipulation, that a 
novice in the art can acquire dexterity in 
the management of wax for this purpose. 
It is well gotten up, is at-tractive in its gen- 
eral appearance, is printed on fine thick 
paper, and illustrated by seven fun-page en- 
gravings of flowers suitable for models. 


CATALOGUE OF THE UNIVERSITY OF CINCIN- 
NATI FOR THE ACADEMIC YEAR 1877-'78. 
Pp. 104. Office of the University. 
THIS young institution gives indications 
of vigorous life and thorough-going manage- 
ment. Its scientific department, especially, 
is administered with ability. Chemistry, for 
example, is not only taught ill the sense of 
imparting existing knowledge, but the stu
 
dents are early called upon to aùdress them- 
selves to original and independent work. 
There are gaps, unsettled points, contested 
questions, and doubtful results, in such 
abundance in this science that there is no 
difficulty on the part of the intelligent 


teacher in assigning problems suited to va- 
rious capacities and steps of advancement, 
or in combining a class upon any suitable 
line of investigation, Prof. F. 'V. Clarke, 
who has charge of physics and chemistry, 
has arranged a course of preparative work 
along the track of chemical physics, which 
is well fitted to train the students to habits 
of accurate manipulation, and to stimulate 
them in the direction of original thought. 
One feature of his plan is thus presented: 
"In connection with the other laboratory 
exercises, 8 certain amount of time will be 
spent in making fine chpmical preparations, 
and in determining demdties. In 1877-'78 this 
portion of the course will be 80 arranged as to 
involve the coöperation of all the laboratory 
students in a systemntic research upon the con- 
stitution of double salts. Each student will be 
required to prepare a number of such @alts. and 
to determine, by means of the specific-gravity 
bottle, the amount of condenl:lation which takes 
place during their formation. At the end of the 
year the entire mass of material thus collected 
will be discussed both by the student and by 
the professor, and as much of it as proves to be 
valuable will be published in some one of the 
scientific journals. The aim of this exercise is 
to give every student some im;igbt into the 
methods pursued by scientific investigators. and 
to demonstrate the important principle that 
whoever is able to study science at all is also 
able to contribute something towa rd its ad- 
vancement." 


THE ANONYMOUS HYPOTHESIS OF CREATION. 
By JAMES J. FUR
ISS. New York: 
Charles P. Somerby. 1877. Pp. 54. 
Price, 50 cents. 
IN this review of the Mosaic cosmogony, 
the author aims at presenting the subject as 
concisely as practicable for the benefit of 
thode who have not the time or the inclina- 
tion to peruse more voluminous works. The 
first and s
cond chapters of Genesis are dis- 
sected and compared, an
 their supposed 
incongruities are rendered more obvious by 
being presented in tabular form. 


A CALEXDAR OF THE DAKOTA NATION, by 
Brevet Lieutenant-Colonel GARRICK MAL- 
LERY U. S. A., from the Bulletin of the 
Unit
d States Geological and Geographi- 
cal Survey. Pp. 25. 
COLO
EL ::YALLERY, with the assistance 
of Lieutenant Reed and others, whose ser- 
vices are acknowledged, has presented a 
valuable paper, with a lithographic copy of 
the Dakota calendar. The original is on 
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cotton cloth, and represents, by a series of 
symbols, events in which the Dakotas were 
conc
rned, beginning about the year 1800. 
Each year is represented by a symbol, 
the meaning of which is explained in the 
text. The symbol for 1800 is thirty black 
lines, representing that thirty Dakotas were 
killed that year. The symbol for 1801 is 
the head and body of a man covered with 
red blotches; that year the sman-pox broke 
out in the nation. In 1869 the sun was 
eclipsed; the symbol representing it is a 
black disk. The calendar is of value as 
" an attempt, before unsuspected among the 
nomadic tribes of American Indians, to form 
a system of chronology." 


THE DEVELOP
IENT OF THE ANIMAL KINGDOM: 
A Paper read at the Fourth Meeting of 
the Association for the Advancement of 
\Voman. By GRACEANNA LEWIS. Pp. 2l. 
THIS paper is an attempt to show that 
there exists an" order of relationship" in 
the animal world, and that, beginning with 
the lowest organisms, there has been, up to 
the highest forms, an "order of develop- 
ment." The facts which recent paleonto- 
logical researches have brought to light are 
used by the author with considerable skill 
in illustration of her subject. 


PERSON.AL IMMORTALITY, AND OTHER PAPERS. 
By JOSIE OPPE
HEIM. Kew York: 
Charles P. Somerby. Pp. 98. Pl'ice, 
$1. 
THIS little work is by an avowed free- 
thinker, who, in a few pages of prefatory 
remarks, tells us in a very candid way why 
she thinks such a book is needed, and what 
she hopes to accomplish by it. Then fol- 
low discussions of" Personal Immortality," 
"Materialism," "Prayer," etc. The spirit 
of the writer is good, and, whether readers 
agree. with her views or not, theý cannot 
deny her sincerity or fail to be gratified by 
her tolerance. 


\y ESTER
 DrPTERA. By C. R. OSTEN-SACKE
. 
.From the Bulletin of the United States 
Geological and Geographical Sur"ey, 
Vol. III., No.2. Pp. 164. 
VERY little was known of the diptera of 
the Pacific coast until the publication of 
this report. Collections were made by the 
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author in California during the years 1875 
and 1876, not only along the low plains, 
but on plateaus of the Sierra Nevada region, 
at elevations of from 6,000 to 8,000 feet 
above the level of the sea. The present 
volume is a survey of the collections made, 
which the author says are, after all, but a 
small fragment of the fauna collected dur- 
ing. a limited season. The descriptions of 
families and species are full and clear, and 
the volume, which comprises 165 pages, 
will be prized as a valuable contribution to 
American entomology. 


REPORT o
 THE MINERAL \VEALTH, CLIMATE, 
AND RAINFALL, AND NATURAL RESOURCES, 
OF THE BLACK HILLS OF DAKOTA. By 
\V ALTER P. JENNEY, E. M., Geologist in 
charge. Pp. 7l. 
THIS report, published in 1876, comprises 
Chapters V., YI., and VII. of the forthcom- 
ing final report of tbe exploration of the 
Black Hills, made under direction of the 
Commissioners of Indian Affairs, in 1875. 
The area. of the Black Hills is stated to 
be nearly 6,000 square miles, about two- 
thirds of which area is in Dakota, the re- 
mainder in Wyoming. They are separated 
from the main chain of the Rocky Moun- 
tains, and surrounded by level or rolling 
plains. The mineral and agricultural re- 
sources, climate, rainfall, water, forests, 
etc., of the Black Hills region are presented 
in considerable detail. A good map accom- 
panies the report. 


FIRST ANNUAL REPORT OF THE OHIO STATE 
FISH COMMISSION. Columbus: Nevins 
& Myers, State Printers. 1877. 
IN this report is given a detailed and 
very interesting account of what has been 
done by the Ohio State Fish Commission to 
promote the culture of fish in that State. 
Hatcheries have been established at Cas- 
talia Springs, Toledo, Cleveland, and Kel- 
ley's Island, at all of which places the 
hatching of fish has been successfully car- 
rie
 on. The report is greatly enhanced in 
value by numerous illustrations, which are 
accompanied by very full desCl'iptions, 
copied from the manuscript of Prof. Jor- 
dan's forthcoming report on the zoölogy 
of Ohio. The report includes a catalogue 
of the fishes of the State. 
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SHADE - TREES, IrmIGi:xouS SHRUBS, AND 
V I
ES, by T. STEWART, ])1. D., and IN- 
SECTS THAT IKFEST 'fHEM, by Miss EMMA 
A. S
nTH, EntomologiBt. Peoria, Ill. : 
Transcript Company. 1877. 
THIS pamphlet was prepared for the re- 
gion about Peoria, Ill., but contains much 
that will be of value elsewhere. It gives 
a brief account of the indigenous trees and 
shrubs best adapted to the locality, and tbe 
paper by Miss Smith treats of the insects 
which infest them, of which figures are 
given. Publications like this do excellent 
service in directing public attention to the 
cultivation of trees and the planting of for- 
ests. 


and who considers Oriental thought and 
history "ith reference to modern ideas. 
The work is to be issued in two large octayO 
volumes. 


PUBLICATIONS RECEIVED. 


Narrative of the Polaris Expedition. By 
Rear-Admiral C. H. Davi
. "
ashiugtun: Guv- 
ernment Printing-Office. Pp.696. Witb numer- 
ous Plates. 
Hand-book of Descriptive Astronomy. By 
George F. Chamhers. London and New York: 
:Macmillan. Third edition. Pp. 960. Price, 
$10. L 
History of Protection in the Pnited States. 
By 'V.G. Sumner. New York: Putnams. Pp. 
64. Price, 50 cents. 
Lists of Elevations West of the ?tIississippi. 
By H. Gannett. Washington: Government 
Printing-Office. Fourtb edition. Pp. 164. 
ECIEXCE-LECTCRES AT SOUTH KE
SIKGTox. The Tailed Amphibians. By \V. H. Smith. 
T . Detroit: Herald print. Pp. 158. 
London and .N ew York: MacmIllan. Eighth Annual Report of the Massachusetts 
UNDER the ahove g eneral title Macmillan Board of Health. Boston: Wrigbt print. Pp. 
1 523. 
ò. Co. have published a series of small vol- Bulletin of the Ge?logiral and Geog-raphical 
urnes containin g lectures delivered at the S1!rve
 of tbe TerrItOrIes. . V
l. II!.., No.3. 
" asbmgton: Government Prmtmg-Office. Pp. 
South Kensington Museum during the loan 200. 
collec
ion of scientific a pp aratus last "ear R
l
tionB.of the Public Sch.ool to the Ne
ro. 
J . By CIVIS. Rlcbmond: ClemmItt & Jones prmt. 
One of the volumes contains two lectures Pp. 39. 
by Prof. Roscoe on " Tcchnical Chemistry" Scientific B
sis of Delusions. By Dr. G..
I. 
" 'Beard. New -rork: Putnams. Pp.47. Pnce, 
the first treating of tbe manufacture of suI. 50 cents. 
phuric acid and the second of the alkali Pennsylvania College J.-'[ootltly. Gettysburg: 
, Wible print. Pp.36. Price, $1.25 per annum. 
manufacture. In another yolume are two Semicentennial Anniversary of Prof. J. W. 
lecjJ.res by Prof
 Stokes, on "Absorption Ja
kson at Union College. Albany: Munsell 
f L . h f N 1 B d . " prmt. Pp. 32. 
o 19 t and the Colors 0 atura 0 les, Reply to a Printed Circular. By Dr. J. Marion 
and on "Fluorescence." The third volume Sims. New York: Kent & Co. print. Pp. 24. 
of the series contains two lectures on the . Influenc
 of PhYf"ical Condition on the Gen- 
eSIs of Species. By J. A. Allen. From tbe Rad- 
" Steam-Engine," by F. J. Bramwell. Finally, ical Review. Pp. 32. 
tbere is a volume entitled" Outlines of Field T'Yenty - pightb. Annual All
ouncement .of 
the ,\ oman's Medical College oj Pcnllsyh-ama. 
Geology," by Prof. Geikie. These lectures pp.20. 
are all addressed to science-teacbers and not Recent Progress in San
tary Science. By A. 
. 'R. Leeds. Salem Press pnnt. 
to popular audIences; hence they are rather Papers on the Coryphodontidæ, the Odon- 
technical and possess an interest for the tornitbes, and a Gigantic Dino:::aur. By O. C. 
. '. Marsh. From American Journal of Sciences. 
practIcal student of sCience rather than for Witb Plates. Pp. 8. 
the general reader. The prices are:' for RC8ponsibi]itr in Parentage. By Rev: S. H. 
tl fi t t I Q o h i' Platt. New York: S. R. 'VeIls & Co. Pnce, 10 
Ie rs wo vo urnes,.. cents eac ; lor cents. 
the other two, 25 cents. Geological History of Cayuga and Seneca 
Lakes. By C. W. Foote. Ithaca, N. Y.: Nor- 
ton & Conklin print. Pp.14. 
.A. Case of Recurring Sarcomatous Tumor. By 
Thomas Hay, M. D. Philadelphia: Linùsay & 
Blakiston. Pp. 14. "ïth Lithographic Platc8. 
Second Stenograflk Teecber. Amberst, Mas::-., 
U. S. A.: J. B. Smith. 
Chemif".try of Hydrogen. Also. Reduction ()f 
Silver. By A. R. Leeds. New York: 'l'row & 
Son print. Pp. 23. 
Surgicnl Anatomy of the Tibio-tanml Articu- 
lation. By Dr. J. A. 'Vyetb. From American 
Journal of Medical Sciences. Pp. 12. 
Directory of the Spiritualism of tbe Bible. 
By Susan A. Vandyke. Pp. 4. 
Ornithology of thf> Red River of Texas. By 
C. A. II. )IcCaulcy. Pp.40. Amcricnll Insectiv- 


J. 'V. BOtrToN announces U Isis Un- 
veiled: A Master-Key to the Mysteries of 
Ancient and }fodern Science and Theology," 
by H. P. BLAVATSKY, Corre&ponding Secre- 
tary of the Theosophical Society. This work 
is announced as a philosophical study of 
Oricntalism, by a native of Asia, whose 
life has been passeù in the study of tradi- 
tions, languages, literature, mythology, phi- 
losophy, and mysticism, of Eastern peoples, 
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orons 
lammals. By Elliott Couee. Pp.22. Bul- 
ldin of the United States Entomological Com- 
mission. No.2. Pp.14. Washington: Govern- 
ment Printing-Office. 
The Plants of 'Wisconsin, By Q, D. Swezey. 
Beloit: Free Press print. 


POPULAR MISCELLANY. 


Scientific Assotiations for 1877.-The 
French ..1.ssociation for the Advancement of 
Science will this year hold its sessions in 
August, at the city of Havre, under the 
presidency of Dr. Broca, the eminent ar- 
chæologist. The Geological Society of N or- 
mandy will give an exhibition of the geo- 
logical and paleontological products of that 
anciE'nt province. 
The annual meeting of the British Asso- 
ciation will be held at Plymouth, on Au- 
gust 15th; Prof. Allen Thomson, President. 
The officers of the Association hope to be 
supported by the personal assistance and 
written contributions of philosophers of 
other countries, and they undertake to make 
preparation for the reception of the distant 
friends and associates who may give notice of 
their intention to be present at the meeting. 
The officers of the American Associa- 
tion for the next meeting, which is to be 
held at Nashville, Tennessee, commencing 
on \Vednesday, August 29th, are Prof. Si- 
mon Newcomb, President; Prof. Edward 
C. Pickering, Vice-President of the Physical 
Section; Prof. O. C. Marsh, Vice-President 
Section of Geology and Natural History; 
Prof. N. T. Lupton, chairman of the Chemi- 
cal Subsection; Prof. Daniel \Vilson, chair- 
man of the Subsection of Anthropology; 
R. H. \Yard, chairman of the Subsection of 
}Iicroscopy; A. R. Grote, General Secre- 
tary; F. \V. Putnam, Permanent Secretary; 
'Villiam S. Vaux, Treasurer. 


Shad In the Ol1io Rifer.-}Ir. SpE'ncer 
F. Baird, of the L"nited Statcs Fish Commis- 
sion, in a letter to the eùitor of Forest and 
Stream, states that he has .received a few 
specimens of a geimine white shad, four 
pounds in weight, taken from the Ohio River 
at Louisville, Kentucky-a direct result 
from the efforts made by the commission to 
stock the western rivers with shaù. The 
letter gives a brief account of the work 
done by the commission toward introducing 
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the shad into the waters of the ""estern 
States, beginning with 1872, when Seth 
Green planted 30,000 young shad in the 
Alleghany at Salamanca, Kew York, amI 
25,000 in the Mississippi near St. Paul. 
Later in the same year, the Rev. Mr. Clift 
placed 200,000 in the Alleghany at Sala- 
manca, and a sman number in the Cuya- 
hoga and in the 'Yhite River at Indian- 
apolis. The same gentleman carried 2,000 
young shad as far west as the Platte, at 
Denver. In 1863 about 160,000 shs.d were 
placed in the Greenbriar and New Riv'ers 
in \Yest Virginia, and about 55,000 in the 
:Monongahela in Pennsylvania and the 'Ya- 
bash in Indiana. Mr. Baird has been in- 
formed that for some considerable time 
forty to fifty shad have been taken daily &t 
Louisville by a drag seine said not to ex- 
ceed thirty or forty yards long, and that in 
the shoaler water of only three or foul' feet, 
while the regular steamboat-channel is ten 
or tweh-e yards deep and 2:50 yards wide. 


A Remarkable Salt-Bed at Goderidl, On- 
tario.-Dr. T. Sterry Hunt gave, at the late 
meeting of the Institute of Mining Engi- 
neers, an account of the layers of rock-salt 
in the geological strata of Goderich, Onta- 
rio, as developed by a boring recently made. 
The paper has been published in the Engi- 
neering and J[inin!J Journal, from which we 
quote some particulars regarding two of the 
most important rock-salt beds reached in 
the course of the boring. A bed of rock- 
salt of exceptional purity was found at the 
depth of 1,060 fect, and another bed, not 
so pure, at the depth of 1,092 feet. Of 
these, the former is 25 feet thick and the 
latter 34 feet; they are separated from each 
other by a layer of le
s than seven feet of 
rock, and for practical purposes may be 
regarded as one. The amount of foreign 
mat ter contained in the twenty-five-foot 
bed is singularly small, being less than a 
quarter of one per cent. Its remarkable 
purity is seen on comparing this ,,-ith 
the best commercial salts. Thus, Cheshire 
rock-salt contains of foreign matter 2.67 
per cent., and the famous rock-salt of Car- 
dona, Spain, 1.45 per cent. of impurities. 
The salts got by evaporation from sea- 
water and from brines, with which our mar- 
kets are in great pal't supplied, con tain ncarly 



5 06 


THE POPULAR SCIENOE MO.1Y"THLY. 


a
 much impurity. "From data gathered by 
me," says Dr. Hunt, "and published some 
years since in a 'Report of the Geological 
Survey of Canada,' it appears that the amount 
of foreign matters in Turk's Island salt is 
2.34; in Saginaw salt, 2.00; in Syracuse 
solar salt, 1.15; and !n the boiled salt from 
the same locality about 1.5u per cent. Of 
the salt made at Goderich from the brines 
pumped from the salt-bearing strata of the 
region, three samples, analyzed by me in 
1871, gave: for coarsely crystalline salt, 
1.097; flaky medium salt, 1.282; aud fine 
saIt, 1.625 per cent. of foreign impurities. 
The fine salt, which is the least pure, is 
made by boiling, the others by slower evap- 
oration. The analysis by Dr. Goessmann of 
another sample of Goderich boiled salt gave 
1.50; while the rock-salt from the layer of 
10} feet in Division VIII. of the section 
[the tweuty-five-foot layer mentioned above] 
contains only 0.234 per cent., or less than 
one-sixth of the amount of foreign matter 
found in the boiled salt made from the 
Goderich brines." 


About the English Sparrow.-A spirited 
but entirely courteous controversy is neing 
carried on in the columns of our contem.- 
porary, Forest and Stream, about the English 
sparrow. The principal questions in dis- 
pute are whether this bird is useful as a 
destroyer of noxious insects, worms, and the 
like, and whether it banishes from its 
haunts an other speeips of small birds. 
The evidence is conflicting. Some of the 
writers say of the sparrows that they are 
"exceedingly quarrelsome among them- 
selves," and intolerant of birds of a differ- 
ent species. 'Vhen a stranger-bird makes 
his appearance among them, the fury of the 
whole Rparrow community is turned upon 
him; they chase him hither and thither, 
giving,him no rest until he is banished from 
the neighborhood. "They" (the sparrows) 
" let the orchards go to ruin," we are told, 
"for they will not eat every kind of insect." 
One writer sums up the case against the 
sparrows thus: 1. They have no personal 
attractions except their tameness; 2. They 
are practically useless; they may have been 
useful on their first arrival from Europe, but 
they are too much pampered to be so now; 
3. They destroy fruit-blossoms; 4. They 


are often quarrelsome, and sometimes drive 
away useful b.irds. On the other hand, we 
are told that the sparrows destroy immense 
numbers of larvæ, especially during the 
winter; that they are not hostile to other 
birds; tbat they do not destroy fruit-germs. 
A writer who lives in Tenafly, New Jersey, 
says: "'V e have a few sparrOWR in the 
yard, and find their presence makes very 
little difference with the other birds. \Ye 
have sixteen varieties of birds in the :yard 
at this writing, viz., brown thrush, robins, 
catbirds, orioles, wood - robin, bluebirds, 
phæbe-bird, cuckoo, kingbird, and the rest 
warblers of different kind
. \Ve find the 
most quarrelsome to be the kingbird and 
black oriole. These last are chasing almost 
everything that crosse5 their path." 


Hygiene of the Eyes.-A series of ques- 
tions touching the care of the eyes were 
recently submitted to Dr. E. G. Loring, J r.t 
by the Medico-Legal Society of New York. 
Dr. Loring replied in a paper which has 
since been published in the .i1Iedical Record. 
. To the first question-namely, whether bad 
air has any direct effect on the sight ?-the 
author replies that yitiated air has a spe- 
cially irritating influence on the mucous 
membrane of the eye; and that bad air, as 
a prima] cause, may set in train morbid 
processes ,,-hich not only will affect the 
working capacity and integrity of the or- 
g
n, but may even lead to its total destruc- 
tion. The second question was, whether 
size and quality of type may cause disease 
of the eye? According to Dr. Loring, the 
smallest print which a normal ey{> can read- 
ily recognize at a distance of one foot is 
about -i-ü inch, and at eighteen inches' dis- 
tance about :h inch. The normal eye 
should never be subjected f{)r any length of 
time to a type smaller than twice this size, 
or T-6 inch, and it would be better, after 
middle-life, to employ a type even a little 
larger than this; but the employment of 
spectacles removes in a great degree the 
necessity of a larger type with advancing 
years r The finer the type, the closer the 
book has to be held to the eye, and the 
greater the demand on the focalizing power 
and the muscles that bring both eyes to 
bear at once upon the print. On the other 
hand, too coarse type is wearisome to the 
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protracted season of cold; and that, if we 
compare these deductions directly with sta- 
tistics of mortality, we shalJ find them to 
conform in every particular in that the 
high rate of mortality fol1ow8 exactly the 
same line. That fact was regarded as one 
of greut importance in çonnection with sani- 
tary measures which were to be adopted for 
the, protection of life in infant8; preventive 
measures must strike with the first week of 
consecutive high temperature. These con- 
clusions were corroborated by quotations 
from mortality-tables. 


eye, requiring more exertion of the muscles 
that govern the movements of the eye. The 
distance between the lines should be about 
one-eighth inch; nearer than this is apt to 
be confusing, farther apart is also confusing. 
Heavy-faced type is preferable to light- 
faced. An almost imperceptible yellow tint 
in the paper, "natural tint;" is very desi- 
rable; pure white paper, especially if it has 
a metallic lustre with bluish tinge, sbould 
not be employed. The paper sbould be 
thick enough not to be transparent, should 
have .a close, fine texture, and be free from 
sponginess. To the third question-whether 
too long and constrained attention to one ob- ,Dlï1nnrial lalne of Spent Tan and Saw- 
ject, without rest or variety, will cause eye- dnst.-Fl'om careful analyses of spent tans 
disease ?-Dr. Loring replies affirmatively, and dyewoods and other similar waste ma- 
and assigns the physiological reasons. Fi- terials, Prof. F. H. Storer, of the Bussy In- 
nally, be was asked wbether the angle at stitution, reaches the general conclusion 
which light strikes the eye is important? that they contain but a very small propor- 
He replies that the light should not come tion of fertilIzing substances, and that prac- 
directly in front; neither should it come tically, whether they be fresh or rotten, 
from directly behind. It should not come they have very little value as m,:mure. Of 
from the right side, because, in writing, the fresh sawdust, even that from hard woods, 
shadow of the hand falls across the page; he says that it can hardly bé considered 
and a moving sbadow over a lighted sur- an economical manure; it is far inferiOl', 
face not only reduces the quantity of light for compost, to peat. But, curiously enough, 
and leads to a stooping position, but it is the chemical evídence goes to show that it 
also more annoying to the eye than a uni- is for feeding animals rather than for feed- 
form reduction in the illumination of even ing plants that sawdust might be put to 
a greater degree. The best direction for use. Fresh sawdust, even that of pinf'- 
the light to come is from the left-hand side, trees, can be used with advantage as fodder 
and from rather above than below the level in times of dearth. Twigs and leaves, ag 
of the hand. the clippings of vines and hedges, or bushes 
I mown in pastures, are undoubtedly valuable 
IIi
h Temperatures and Bowel-Com- both as manure and forage. Autumn leaves 
plililltos.-Dr. K. S. Davi:;, in a "Report on and the rakings of woodland, which consist 
Clinical and Meteorological Records" com- for the most part of leaves that have not 
municated to the American Medical Asso- only fallen, but have been bleached by 
ciation, an abstract of which we find in the raills, may be classed as somewhat inferior 
.ß[edical Record, reaches the conclusion that to straw. 
the bowel affections, so characteristic of 
this temperate climate, begin ir
variably 
with the first week of continuous high tem- 
perature, and that every subsequent occur- 
rence of several days and nights of continu- 
ous high temperature causes new attacks 
to be increased in -number throughout the 
month of July, less in .August, and still less 
in September; that it is not 
imply the 
extreme of heat, but its duration, which 
determinrs the number of attacks; that 
this continuous high heat, to be efficient in 
producing these affections, must follow a 


Wearing Qualltil's of Alomlnium.-The 
comparative resistance of aluminium to 
change of color and wear, when brought into 
daily use, has been made the subject of ob- 
servation by Dr. C. 'Vinkler,ofFreiberg, who 
finds, according to tbe Pol!Jteclmic Review, 
that it is infèrior to silver in retaining color 
and lustre, being about on a par with Ger- 
man-silver in these respects; while it wear
 
away more rapidly than silver, but less so 
than German-silver. Spoons made of all 
three materials, each having exactly tbe 
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same weight, were used a year under pre- 
cisely simi1ar conditions, being placed in 
the same, soups, sauces, sour salads, etc., 
and exposed alike to hot, acid, and alkaline 
solutioDs, and subjected to similar methods 
of cleaning. The aluminium turned to a 
dead bluish-gray color, and lost its lustre; 
the German - silver changed to a grayish- 
yellow; the silyer lost only in coìor, retain- 
ing its lustre. 'Veighed at the end of the 
year, the silyer spoon had lost 0.403 per 
cent., the aluminium f;pOOll 0.630 per cent., 
and the German - silver spoon 1.006 per 
cent. For small coins, Dr. "Tinkler thinks 
that aluminium is to be preferred to either 
Dickel or silver alloys. 


Is Insanity on tbe In('rease ?-Do the 
conditions of human life, as they exist in 
modern ciyilizeLl countries, tend to an in- 
crease of insanity? A glance at the statis- 
tics of the insane for any given country 
would seem to require an affirmative Rn- 
swer to this question. For instance, the 
ratio of in
ane persons in England in the 
year 1859 was 18.G7 to 100,000 persons; 
in 186:5 it was 21.73; in 1870, 24.31 ; in 
1876, 26.78. In other words, there is now 
one insane person to 375 of the popula-. 
tion, whi1e in 1859 the proportion was 
about one in 540. But, as is shqwn by Dr. 
Henry )laudsley, in the Journal of .AIental 
Science, the increase is apparent only: mm'e 
insane persons are registered now than for- 
merly. 
\gain, the establishment of numer- 
ous a
ylums, and the better care bestowed 
on patients, have had tbe effect of prolong- 
ing the Ih-es of the insane; this, too, will in 
part account for the hi
her proportion. of 
insane shown by the stati
tics. The ques- 
tion is incidentally raised by Dr. :Maudsley, 
whether we cure more insane persons nowa- 
<lays, when we treat them well, than our 
uninstru<,ted forefathers cured when they 
treated them ill. "There is," he replies, 
" no evidence that we do." Here the sta- 
tistics would seem to show that, under the 
old system, there waR a higher percentage 
of recoveries. " Yet, it would be wrong," 
remarks the author, " to attribute the lower 
,percentage of recoveries to the ill-success 
of our present mode of dca
ing with insan- 
ity; it is, no doubt, owing in great part, if 
not entirely, to the greater proportion of 


chronic and incurable cases amOng those 
who have been admitted during the last 
twenty-five years. Formerly, acute and vio- 
lent cases only were sent to asylums, and 
they would yield a larger percentage of re- 
coveries, as well, probably, as a larger per- 
centage of deaths. Of the admissions fewer 
recover and fewer die each year now than 
then, the result being the steady accumula- 
tion of a residue of chronic and incurable 
insanity beyond what occurred then. It 
is a question," he adds, "deserving atten- 
tion, whether the present practice of crowd- 
ing the insane of all sorts into large asy- 
lums, where the interests of life are extin- 
guished, and where anything like individual 
treatment is wellnigh impracticable, is ::;0 
much superior to the old system in effecting 
recoveries as some persons imagine. n 


Tbe Rorky-Jlonntain Lotust In lUanito- 
ba.-The following notes on the appear- 
ance and migration of the locust in Mani- 
toba and the Northwest in the summer of 
1875 are taken from a notice, in the Ameri- 
can Journal of Sci(nce, of a paper on that 
subject by George 1\1. Dawson. In the year 
just mentioned the hatching of locusts bef!an 
in Manitoba on May 7th, and on May 15th 
it was general. The movement began in 
July, and was most general during the lat- 
ter half of that month and the early part 
of August. The direction was southeast or 
south. Other swarms of locusts came from 
the south across the forty-ninth parallel, 
with a wide front stretching from the 
ninety-eighth to the one-hundred-and-eighth 
meridian; these arrived before the Manito- 
ba broods were mature. These were the 
extreme northern part of the army, going 
northward and northwestward from the 
States ravaged in the fall 'of 1874. Mr. 
Dawson thinks that the planting of belts 
of woodland would in time effect a general 
and permanent abatement of the grasshop- 
per-plague, since they usually avoid such 
belts. Their journey southward was re- 
gardless of the direction from "hich their 
parents had corne the preceding year; and 
those of Nebraska, Missouri, Kan
as, and 
Texas, flew northward and northwestward, 
returning on the course of their parents, 
who had flown southeastward from that 
quarter. The normal direction of flight is 
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toward the hatching-grounds of their par- 
ents, so that two years seem to be required 
to complete the migration cycle. The 
methods of prevention proposed are the 
cultivation and preservation of forest-trees; 
the protection of the prairie-grass till the 
appropriate time for ::lestroying the young 
insects by fire; and the protection of in- 
sect-catching birds. 


A Sew 'fheat-Fungns in f;alifornia.- 
Early in .March of the present year the 
young wheat in certain districts of Califor- 
nia began to exhibit on its expanded leaves 
yellowish-white patches of fungous growth. 
This peculiar species of "rust" or "mil- 
dew" appears to be new to California, and 
has been recognized by Mr. H. 'V. Hark- 
ness, of the San Francisco Microscopical 
Society, as the Erysiphe graminis of De 
Candolle. According to .Mr. Harkness, the 
fungus appears on the expanded leaves ill 
felt-like patches, from one-sixteenth to one- 
half inch in length, following the longest 
diameter of the leaf equally on both sides. 
It adheres with great tenacity, though, on 
examining sections of the leaf and fungus, 
no Buckers are apparent. The leaf, at a 
short distance from the culm, soon turns 
hrown and dries. In the earlier stages the 
mycelium is observed creeping over the sur- 
face, its filaments overlying one another 
until it forms a felted mass. To what ex- 

ent the wheat will be damaged, it is as yet 
impossible to say. Adhering, as it does, 
closely to the plant, it doubtless appropri. 
ates the juices needed for maturing the 
grain, at the same time excluding air and 
sunlight from the tissues. Its visible ef- 
fect is a weakening of the stalk, thus favor. 
ing decay. 


A New Dleasnre of Geologifal Time.- 
The amount of solid matter abraded from 
the land and carried to the sea as sediment, 
or in su!'pension, has often been estimated 
hy geologists, and the impo.rtance of this 
suspended matter as- an agent of geological 
changes has been fully recognized. But 
less attention has been bestowed upon the 
soluble matter washed out of the earth by 
every fall of rain and added to the waters 
of the ocean. This subject has been studied 
by 
r. T. 
Ienard RcaLle, whose results, as 
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set forth in his presidential address to the 
Liverpool Geological Society, we find sum. 
marized in the J.r
ineteentlL Century as fol- 
lows: The author's. first problem was to 
estimate the total quantity of so1id material 
removed in the course of one year, by the 
solvent action of rain, from the entire SUI'. 
face of England and 'Vales, supposing the 
me
n rainfall to be thirty-two inches. It 
is worthy of note that the variation of rain. 
fall in different parts does not affect the 
quantity of dissolved mat.ter to anything 
like the extent that might have been àn- 
ticipated. True,' the hilly districts of the 
west, in Cumberland, Wales, Cornwall, and 
Devon, intercept a large quantity of rain; 
but, then, these collecting-grounds are com- 
posed of old rocks, ranging from Cambrian 
to Carboniferous; and such rocks are, to a 
great extent, insoluble. On the other hand, 
in the southern and eastern counties the 
rainfall is much less than in the west; but, 
then, the rocks belong generally to Second- 
ary and Tertiary formations, and are toler. 
ably soft and soluble. A kind' of compen- 
sation is thus established, the total quantity 
of solid matter carried off in solution in a 
given time being much the same in one 
river as in another. Roughly speaking, it 
may be said that where the rainfall is great- 
est the solubility is least; where the rain- 
fall is least the solubility is greatest. It is 
needless to follow the details of the calcu- 
lation by which the author is finally led to 
the conclusion that about 8,370,630 tons 
of solids are 
nnual1y removed in solution 
by the rivers of England and 'Vales. Dis- 
tributing the denudation equally over the 
country, the total area being 58,300 square 
miles, we obtain a general lowering of the 
surface to the extent of .000077 of a foot in 
a single year; in other words, it would re- 
quire 12,978 years to reduce the surface of 
England and 'Yales by one foot through 
the solvent action of rain alone. Fewer 
data exist for extending this interesting 
inquiry to the Continent of Europe, and 
fewer stm when we pass to other parts of 
the world. But, making the best of avail- 
able data, and proceeding on the principle 
that "K ature, on the whole, averages the 
results," :Mr. Reade feels ju:;tified ill assum- 
ing provisionally that about one hundred 
tons of rocky matter will be dissolved by 
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rain from every English square mile of the 
solid surface of the earth in the course of a 
year. An. this dissolved matter, however 
far it may be transported by rivers, ulti- 
mately runs down into the sea. If, then, 
as commonly supposed, the sea con tains 
only what has been washed out of the land, 
the results previously attained may help us 
to form some crude idea of the length of 
time which has been needed to give the 
ocean its present composition. Not to be 
irksome, we may pa:::;s over an array of fig- 
ures and a number of provisional assump- 
tions, in order to reach conclusions of gen- 
eral interest. These conclusions are, that it 
would take, in round numbers, 20,000,000 
years to accumulate the quantity of sul- 
phates of lime and magnesia contained in 
the vast bulk of the ocean, but only 480,000 
years to renew the carbonates of lime and 
magnesia; with reference, however, to the 
latter constituents, it must be borne in 
mind that a vast quantity of carbonate of 
lime is constantly being removed from sea- 
water for the supply of the hard parts of 
shell-fish, crustaceans, corals, and other ma- 
rine animals, and consequently the amount 
calculated as present in the ocean is far 
from indicating the total quantity which is 
poured into it. But what are we to say of 
the chlorides, especially the chloride of 
sodium, which is the prime constituent of 
sea-water? The ocean contains so much 
of this salt, and the rivers usually so little, 
that we are driven to conclude from the 
author's calculations that it would take 
200,000,000 years to renew the chlorides in 
the ocean! 


Triassic, Jurassic, and Cretaceous time, into 
the early Tertiary. At the close of the Lig- 
nitic there was a physical break, followed by 
a subsidence (at least locally) and subse- 
quently by elevation, after the deposition 
of the Miocene strata. The elevation of 
the Rocky Mountains, as we now see them 
in Colorado, is the result of an elevation 
commencing in early Tertiary time and con- 
tinuing through the period, accelerated per- 
haps at the close of the Lignitic, and the 
deposition of at least Lower :Miocene strata. 
This elevation is probably still going on. 


The Bnilding System of Philadelphia.- 
A paper on " A Building System for Great 
Cities," published in the Penn lrIonih(lf, 
contains an account of what may be called 
the Philadelphia system, of separate houses 
for families of very moderate means-arti- 
sans, and even laborers. There are three 
primary forms of houses, viz., the two-story 
four-roomed house, the two-story six-roomed 
house, and the three-story eight-roomed 
house, the value of which is respectively 
$1,200 to $2,500, $2,500 to $3,800, and 
$3,000 to $5,000. They are al ways of brick, 
erected on stone-walled cellars not less than 
seven feet deep, fourteen by twenty-eight feet 
for the smallest houses, fourteen to sixteen 
by forty-two to forty-five feet for the six- 
roomed and the eight-roomed houses. All 
these are built in contiguous rows or blocks 
with a common wall between them. Since 
the inauguration of the system, which scarce- 
ly dates before the year 1862, building 'has 
made rapid progress. In 186'7 it began to be 
specially active, and since that time an aver- 
age Qf 4,500 houses yearly has been erected, 
GeoJo
i('al fbanges in CoJorado.-It is of which 2,500 were two-story and. 2,000 
noted as an interest.ing fact by Dr. A. C. three-story. The writer of the paper in the 
Peale, in the American Journal of Sdence, Penn 
[onthly has learned, from a personal 
that Colorado, which now possesses the inspection of a district near the southern 
highest mass of mountains in the United border of t'he city of Philadelphia, that three- 
States, and whose mean elevation is higher fourths of the dwellings that have been 
than that of any other State or Territory, erected two years or more are owned by 
was also one of the highest areas of t'he those who live in them. In a "pace less 
Nort'h American Continent in Palæozoié than a mile square, and containing 4,000 
time. In very early time in Colorado there dwellings, t'he proportion of vacant 'houses 
was archæan land rising above the Pal reo. was less than two per cent. Certainly more 
zoic sea. As the Carboniferous age pro- than one-half of these dwellings were owned 
gressed, t'his land diminis'hed by encroach- by their occupants, and often entire blocks 
ment of t'he sea, due to subsidence of the of thirty or forty houses would show over 
land. This subsidence continued through I ninety per cent. so owned. 
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Are the Salts of (opper poisonous t- 
Dr. Burcq, M. Galippe, and others, having 
in communications addressed to the Paris 
Academy of Sciences asserted that copper 
is not poisonous after the manner of lead, 
and that it Inay be absorbed for a long 
time without injurtous consequences, Dr. 
E. Decaisne has submitted to the same 
Academy the results of observations made 
by himself, from which it would appear 
that the reverse is the fact. 'Ve present a 
synopsis of Dr. Decaisne's paper, which we 
find in La Nature. He states that in 1864 
he published a memoir entitled" A Medical 
Study on Absinthe-Drinkers," in which it was 
shown that a great many of the cheaper 
qualities of absinthe contain sulphate of 
copper, and tbat, of a hundred and fifty ab- 
sinthe-drinkers observed by him, a certain 
number gave clear evidence of copper-poi- 
soning. Fifteen samples of absinthe, pur- 
chased at wine-shops in Paris, all contained 
sulphate of copper in varying proportions: 
three of the samples contained it in the pro- 
portion of twenty-five centigrammes to the 
litre. Indeed, some of the distillers frankly 
admitted that they used sulphate of copper 
to color tbe absintbe. ]}-I. Decaisne cited a 
recent case of poisoning by acetate of cop- 
per, that of a young man of twenty-three, 
who showed all the symptoms of acute poi- 
soning by copper salts, after having drunk 
some "eau de vie de marc," an inferior 
quality of brandy. Analysis of a sample 
of this brandy showed it to contain 1.164 
gramme of acetate of copper to the litre. 
The liquor had been distilled in an appa- 
ratus that had lain unused for a year, and 
which had become filled with acetate of 
copper. French statistics show that sul- 
phate and acetate of lead rank third among 
substances employed in criminal poisoning. 
.. 


NOTES. 


MR. JADEZ HOGG, the eminent English 
microscopist, in a recent paper caHs atten- 
tion to certain" errors of interpretation" to 
which microscopi:;ts are liable in examining 
the scales of insects and other minute ob- 
jects. Some such" errors of interpretation" 
were pointed out by 11r. John 
Iichc1s in the' 
MO
TßLY two years ago, but his 8tatements 
were at the time called in question by mi- 
croscopists in various portions of this coun- 
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try. Mr. Hogg himself, when these errors 
were first pointed out in the London :Micro- 
scopical Society by Dr. Piggott, expressed 
the opinion that the latter was laboring un- 
der a mistake. Later, however, he was 
convinced of the correctness of Piggott's 
views, and now confirms them with his own 
observations. 
A PRESSURE of fortv to one hundred 
and twenty atmospheres 'has been _ found by 
Quincke to be incapable of forcing a per- 
ceptible quantity of carbonic-acid or hydro- 
gen gas through a glass wall 1.5 millîm
tre 
in thickness, during a period of fifteen years. 
A MONUMENT to Liebig was unveiled at 
Darmstadt, his native town, on May 12th, 
the seventy-fourth anniversary of his birth. 
DIED, in BerJin, on 
Iarch 29th, Alexan- 
der Braun, Professor of Botany in the Uni- 
versity of Berlin, aged seventy-two years. 
In a brief notice of his life Professor Asa 
Gray saJs: "His influence as a teacher is 
said to have been great; as an investigator, 
he stood in the first rank among tbe bota- 
nists of our time; as a man, his simple, ear- 
nest, and transparently truthful character 
won the admiration and love of all who 
knew him." With Braun's memoirs on the 
" Arrangement of the Scales of Pine-Cones, 
etc." (1830), began the present knowledge 
of phyllotaxis. Other noteworthy memoirs 
hy this author are that on "Rejuvenescence 
in Nature," and " The Vegetable Individual 
in its Relation to Species," both of which 
have been translated into English. 
THE residual charcoal, after lixiviation 
of destructively distilled sea-weed, possesE:es 
an extraordiuary power of absorptiou and 
deodorization. According to Mr. E. C. C. 
Stanford, its composition is about midway 
between that from wood and that from bone, 
in the proportion of carbon; but it is more 
nearly Jike the latter, from whieh it differs 
in containing more carbon and carbonates 
of calcium and magnesium, and less phos- 
phates. It can be obtained at one-fourth the 
price of any other charcoal. 
MENTIO
 is made, in Land and n
ater, of 
a singular hybrid, the prol!eny of a barn- 
yard cock and a common duck. The body 
of the hybrid is like that of a duck, but the 
feet, which have three front claws and a ru- 
dimentary back one, are not webbed, and 
the upper mandible is that of a fowl, extend- 
ing only half tIle length of the lower, which 
is that of a duck, the singular formation 
causing great difficulty in feeding. 
A WRITER in the American llaturalist 
citcs the fonowin
 instance of carnivorous 
habits in the red-headed woodpecker: In 
the summer of 1876 a man in Humboldt 
County, Iowa, raised a large number of black 
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Cayuga ducks. While the birds were still 
very young, many of them disappeared, and 
the bodies of several were founù with the 
brains picked out. On watcbing carefully, 
a red-headed woodpeckcr was caught in the 
act. He killed the tender duckling with a 
single blow on the hcad, and then picked 
out and ate the brains. 
THE "Transactions" of the American 
Society of Civil Enginecrs for May contains 
an article on "Approximate Determination 
of Stresses in tbe Eye-Bar Head," by W. H. 
Burr; minutes of meetings; an interesting 
lettcr written by General Philip Schuyler in 
1799, giving his opinion of a plan proposed 
by Dr. Brown for supplying this city with 
water from the Bronx River; and a list of 
new books on engineering and technology, 
besides other matters of interest to engi- 
neers. 


MR. McNAB, of the Edinburgh Botanical 
Society, statE:S that the past spring in Scot- 
land was more backward than any other 
during the last twenty-eight years. 
HA VIXG measured the red blood-cor- 
puscles of men belonging to fourteen differ- 
ent races or nationalities, Dr. Richardson, 
of Philadelphia, found the average diameter 
to be ã2
4 of an inch, the maximum diam- 
cter being 2 o ;lt-.,., and the minimum 4ltoo. 
THE "hard glass" manufactured by 
Siemens, of Dresdcn, by means of hydraulic 
pressure, is said to be stronger than Bastie's 
glass, in the proportion of five to three. Its 
fracture, according to the English J.JIechanic, 
is fibrous, not crystalline. Besides being 
stronger, it is also ('hcaper than Bastie's 
" tempered" glass; and, unlike the latter, 
sheets of the Dresden glass can be cut to 
any size with the diamond. 
TIlE number of blind persons per 100,000 
of the population of Bavaria is 52; of the 
C"nited States, 52; Prussia, 58; Belgium, 
66; Switzerland, 77; Sweden, 81; France, 
84; Norway, 184. The number of insane, 
cretins, and idiots, is, in Bavaria, lIO per 
100,000; in the United States, 160; Scot- 
land, 18;); France, 238; Switzerland, 300; 
'Vürtcmberg, 312; Korway, 340. Of deaf- 
mutes the C"nited Statcs have 45 per '100,- 
000; Belgium, 46; Bavaria, 58; France, 
58; Saxony, 60; Switzerland, 245. 
TRADE, commerce, is usually considered 
one of thc chicf influences favoring civiliza- 
tion; yet, according to Mr. James Irvine, 
it has the contrary effect in Africa. Every 
native is a tradcr from the day of his birth, 
and the cultivation of the soil is utterly 
neglected. The buying and selling of palm- 
oil, palm-kernels, and a few minor products, 
give them rea'ly all they require, and they 
cannot be stimulated to further exertion. 


LA
GEROY, in a communication to the 
Paris Academy of Sciences, calIs attention 
to the antiseptic properties of bichromate 
of potassa. According to him, one per cent. 
of the bichromate in water absolutely pre- 
vents putrefaction in all animal and vege- 
table substances. After meat has stood in 
the solution for a few months it resembles 
gutta-percha, and medals bave been struck 
from it; but it becomes poisonous, and 
even dogs refuse to eat it. This antiscptic 
will doubtless be of great use for the pres- 
ervation of natural-history specimens. 
A SIMPLE and ingenious contrivance for 
drawing liquids from carboys is described 
in La Nature. It consists of two tubes 
passing into the carboy through the stop- 
per, one of the tubes serving as a siphon, 
and the other as a means of increasing the 
air-pressure over tbe liquid. At its outer 
extremity the siphon has attached to it a 
short section of rubber or gutta-percha 
tube, which may be compressed by a clamp. 
To :fill the siphon, a pel'son blows through 
the short tube, with the clamp relaxed. 
'Vhen sufficient liquid is drawn off, the 
clamp is allowed to compress the walls of 
the elastic tube, stopping the flow. 
I
 a late report on the origin of the 
skin-disease known as Delhi boil, or, as it 
has been latelv named from its wide distri- 
bution in the East, Oriental sore, Drs. Lewis 
and Cunningham reject the view that the 
affection is attributable to parasitic agency. 
From extended observations in widely-sep- 
arated districts they are led to ascribe the 
disease to the use of weB-waters that con- 
tain a large quantity of salts, and are ex- 
tremely hard. In Egypt, Asia Minor, and 
Syria, where the sore' prevails, the weU- 
waters are notoriously brackish, agreeing 
in this with many stations in India, where 
the disease is also prevalent. 
DR. C. A. BRESSA, deceased in 1835, be- 
queathed an his property to the Turin Acad- 
emy of Sciences, the net interest to be given 
every two years as a prize for the best work 
done, during the previous four year
, in 
physics, natural bistory, 'chemistry, physi- 
ology, pathology, geology, history, geogra- 
phy, or statistics. The fund is now avail- 

ble, and the first award will be made two 
years hence. The competition will be open 
to thc whole world, and the prize will 
amount to about 
2,500. 
MOLES render to the farmer and gardener 
very considerablc service at littlc or no cost 
-the damage they do being more than com- 
pensated by the destruction of worms and 
grubs. When they have eaten all the grubs 
and worms in a certain place, they cmigrate 
to another, and there repeat their gratui- 
tous work. 
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I NDUCTIO
 has greatly predominated over deduction throughout 
the foregoing chapters; and rpaders who have borne in n1Ïnd 
that Part II. closes with a proposal to interpret social phenomena 
deductively, nlay infer either that this intention has been lost sight of, 
or that it has proved impracticable to deal with the facts of dOlllestic 
life' other"wise than by empirical generalization. On gathering to- 
gether the threads of the argument, however, we shall find that the 
chief conclusions forced on us by the evidence are those which Evo- 
lution implies. 
'Ve have first the fact that, little as it might have been expected, 
the genesis of the family fulfills the law of Evolution under its lead- 
ing aspects. In the rudest social groups nothing to be caned lnar- 
riage exists: the nnions of the sexes are extremely incoherent. Fam- 
ily gronps, consisting of nlothers and such fe"T children as can be 
reared without pennanent paternal as
istan('e, are necessarily slllall 
and soon dissolve: integration is slight. Within each group the re- 
lationships arc less definite; since the children are mostly half..broth- 
ers or half-sisters, and the p?-ternity is often uncertain. From such 
prin1Îtive ÜUl1ilies, thus small, incoherent, ana indefinite, there arise, 
in conforlnity with the law of Evolution, divergent and redi \Tergent 
types of families-som
 characterized hy a mixed polyandry and 
" polygyny; some that are polyanùrous, differentiating into the fraternal 
and non-fraternal; some that are polygynous, differentiating into 
those composed of wives and thos
 con1posed of a legitimate wife and 
concubines; some that are monogan1ous, an10ng which, besides the 
ordinary form, there is the aberrant forn1 distinguished hy a wife 
1 Conclu
ion to the chapters on "The Domestic Relations," which complete vol. i. of 
the" Principles of Sociology." 
VOL. XI.-33 
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lnarried only for a part of each "
eek. Of these genera and s})ecies 
of families, those varieties w bich are found' in aùvanced societies 
are the"lllost coherent, mo::;t definite, Ill0st complex. Not to d,vell on 
intermediate types, we see, on contrasting with the prinlitive kind of 
family group that higl](?st kind of family group which civilized peo- 
ples present, how relatively high is its degree of evolution. The 
marital relation has become perfectly definite; it has become extreme- 
ly coherent-commonly lasting for life; in its initial form of parents 
and children it has gro'wn larger-the nun1 bel' -of children reared by 
savages being comparatively small; in its derived form, comprehend- 
ing grandcbildren, great-grandchildren, etc., all so connected as to 
form a definable cluster, it has grown relatively large; and this large 
cluster consists of memùers ,vhose relationships are very 11eteroge- 
neous. 
Again, tbe developing human family fulfills, in increasing degrees, 
those traits which we saw at the outset are traits of the successively- 
higher forms of reproductive arrangements throughout the animal 
kingdom. .l\Iaintenance of species being the end to which maintE1- 
Dallce of individual lives is necessarily subordinated, 'we finò, as we 
ascend in the scale of being, a dinlillishing sacrifice of individual lives 
in the achiev
ment of this end; and, as we ascend through the suc. 
cessive grades of societies ,vith their successive grades of fan1ily, ,ve 
find a further progress in the same direction. IIunlan races of the 
lower types, as com vared 'with those of the higller, show us a greater 
sacrifice of the adult individual to the species; alike in the brevity of 
that stage which precedes reproduction, in the relatively heavy tax 
entailed by thú rearing òf children under the conditions of savage 
life, and in the abridgment of the period that follows: women espe. 
cially, early bearing children and exhausted by the toils of maternity, 
having a premature old age soon cut short. In superior family types 
there is also less sacrifice of juvenile life: infanticide, 'v hich in the 
poverty-stricken groups of prin1Îtive men is dictated by the necessi- 
ties of social self-preservation, becomes rarer; and juvenile mortality 
otherwise cansed decreases at tl1C same time. Further, along with 
the diminishing sacrifice of adult life, therQ goes an incr,easing com- 
pensation for the sacrifice that has to be nlade: more prolonged and 
higher pleasures are taken in rearing progeny. Inste-ad of states in 
which children are early left to provide for themselyes, or in ,vhich, 
as among Bushmen, fathers and sons quarreling try to kill one an- 
other, or in which, as Burton says of the East Africans, " when child- 
hood is past, the father and son become natural enemies, after the 
manner of wild beasts," there comes a state in which keen interest 
in the welfare of children extends throughout parental life. And 
then to this l)leasurable care of off..
pring, increasing in duration as 
the family develops, has to be added an entirely ne,v factor-the 
reciprocal pleasurable care of parents by offspring: a factor which, 
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feeble where the family is rudimentary and gaining strength as the 
family develops, serves in another ,vay to lessen the sacrifice of the 
individual to the n1aintenance of the species, and begins, contrari- 
wise, to make the maintenance of the species conduce to the more 
prolonged life, as well as to the higher life, of the individual. 
A fact not yet na
ec1 remains. Evolution of the higher types of 
fan1Ïly, like evolution of the higher types of society, has gone hand- 
in-hand \vith evolution of human intelligence and feeling. The gen- 
eral truth that there exists a necessary connection het,vepn the nature 
of the social unit and the nature of the social aggregate, and that 
each continually moulds ann is moulded by the other, is a truth w}JÏch 
hold
 of domestic organization as ,veIl as of political organization. 
The ideas and sentiments which make possible any more advanced 
phase of associated life, whether in the family or in the state, imply a 
preceding phase by the experiences and discip1in
 of ,vhich they 
were acquired; and these, again, a next preceding phase; and so 
from the beginning. On turning to the last part of the" Principles 
of Psychology" (edition of 1872), containing chapters on "Develop- 
ment of Conceptions," "Sociality and SY111patlJY," "Ego-Altruistic 
Sentiments," "Altruistic Sentiments," the reader \vill find it sho\vn 
how the higher forms alike of intellect and feeling, made possible 
only by the social environment, evolve as this environment evolves- 
each increment of advance in the one being follo,ved by an increment 
of advance in the other. And carrying out this doctrine he will see 
that since altruism plays an in1portant part in developed fanÜly life, 
the higher domestic relations have become possible only as the adapta- 
tion of Inall to the social 
tate has progressed.! 


In considering deductively the connections between the forms of 
domestic life and the forms of social life, and in showing ho,v these 
are in each type of society related to one another because jointly 
related to the same type of individual character, it ,viII be convenient 
to deal simultaneously with the marital arrangement, the family struct- 
ure, the status of ,vomen, and the status of children. 
Primiti ,re life, cultivating antagonislll to prey and enemies, brute 
or human-daily yielding the egoistic satisfaction of conquest over 
alien beings which prove to be weaker, daily gaining pleasul'e from 
acts ,,,,hich entail pain-maintains a type of nature ,,,,hich generates 
coercive rule, social and domestic. Brute 8trenO'th g lor y inO' in the 
r-- 0 
predon1Ïnance which brings honor, and unchecked by regard for others' 
\velfhre, ,seizes whatever ,vomen fancy prompts, adding to them and 
changing them at wilL Ann children, at the mercy of this utter self- 


1 As included in the general theOl'Y of the adaptation of organic beings to their cir- 
cumgtances, this doctrine that the human mind, especiallv in its moral traits, is moulded 
by the social state, pervades 
ocial statics; and is especially insisted upon in tbe chapter 
entitled" Genera.l Considerations." 
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ishncss, are preserved only when and as far as the instinct of }:>arcnt- 
hood predominates. Clearly, then, ,veakness of the marital relation, 
indefinite incoherent forms of family, harsh treatment of women, and 
infantiéide, are inevitable concomitants of militancy in its extrelne 
form. 
The advance from these lowest social groups, hardly to be caned 
societies, to groups that are larger, or have more structure, or both, 
hnplies increased coöperation. This coöperation may be compulsory 
or voluntary, or it lnay be, and usually is, partly,tbe one and partly 
the other. "r e have seen that great nlÏlitancy inlplies predominance 
of compulsory coüperation, anù that great indnstrialness implies pre- 
dOluillance of voluntary coöperation. IIere ,ve have to observe that 
it is deductively manifest, as we have found it inducti,rely true, that 
the accompanying dome
tic relations are in each case congruous with 
the necessitated social relations. 
The individual nature which exercises that l1espotic control and 
subn1Íts to tbat extre!!le subjection iInplied by pronounced militancy 
in developing societies., no less than the fostering of egoism and re- 
})ression of synlpathy by a life devoted to "rar, inevitably determines 
the arrangements within tbe household a
 it does the arrangements 
,,
ithout it. lIenee the disregard of ",'omen's claims sbown ill stealing 
and buying them; hence the inequality of status between the sexes 
entailed by polygyny; hence the use of women .as laboring slaves; 
hence the life and death power o\'er ,vife and child; and hence that 
constitution of the fan1ily which subjects all its members to the eldest 
male. 
Conversely, the type of inùividual nature developed by yoluntary 
coöperation in societies that are predominantly industria], ,vhether 
they be peaceful, simple trihes, or nations that have in great nleasure 
outgrown Inilitancy, is a relatively-altruistic nåture. The daily habit 
of exchanging services, or giving products l'e})l'esentiug work done 
for Inoney representing "'
ork done, is a )jabit of seeking such egoistic 
satisfaction as allows like egoistic E'atisfactiolls to tho::;e dealt with. 
There is an enforced re8pect for others' claims; there is an accom- 
panying lnental representation of their claims inlplying, in so far, 
fellow-feeling; and there is an absence of those repressions of fellow- 
feeling involved by coercion. K ecessarily, the type of character thus 
cultivated, while it modifies social acti()ns and arrang(\ment
, nloùifies 
al
o domestic actions and arrangements. The discipline which brings 
greater recognition of the claims of fello,v-men briugs greater recog- 
nition of the claim
 of "romen and children. The practice of con- 
sulting the wills of those with ",holn there is coöperation outside 
the household, brings with it the practice of consulting the winfo' of 
tho
e with whom there is coüperation inside tlw household. Th
 
marital relation beconles changed from one of lnaster and subject 
into one of approximatf'ly-equal partnership; 1\ r hilc the bona becomes 
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less that of legal authority anålnorc that of affection. The !)arental 
and filial relation ceases to be a tyranny 'which sacrifices child to par- 
ent, and becollles one in which, rather, the will of tbe parent subordi- 
nates itself to the ,vc]fare of the child. 
Thus the results deducible 1'1'0111 the natures of militancy and in- 
dustrialness correspond widl those which ,ve bavc found are, as a 
matter of fh,ct, rxhibited. And, as implying the directness of the 
aUeged connections, I nlay here add an instance sho,ving that in the 
Salue society the dOlnestic relations in the n1Ìlitant part retain the 
militant charaeter, while the domestic relations in tbe industrial part 
are beginning to assume the industrial character. Commenting 'on 
the la\vs of inheritance in ancient France, as affecting children of 
different sexes and òifferellt ages, J{önigswarter remarks that" it is 
always the feudal and nohle farnilies which cling to the principle of 
inequality, ,vhile the ideas of equality penetrate e,"ery,,-here into the 
rotltrières and bourgeoises fanlÎlies." SinÚlarly Thierry, speaking of 
a new law of the thirteenth century, equalizing rights of property be- 
tween the sexes and among children, says: "This law of the bour- 
geoisie, opposed to that of the nohles, ,vas distinguished from it by 
its very essence. It had for its basis natural equity." 


And now we come to the interesting question, " What may be in- 
ferred rcspecting the future of the don1estic relations?" 1\r e have 
seen how the law of evolution in general has been thus far fulfilled in 
the genesis of the family. 'Ve have also seen bow, during civilization, 
there has been carried still further that conciliation of the interests of 
the species, of the parents, anel of tbe offspring, 'which has been going 
on tbroughout organic evolution at large. Further, ,ve have noteel 
that the
e higher traits in the relations of the sexes to one another 
and to children, which have accompanied social evolution, have been 
made possible by those higher traits of intelligence and feeling pro- 
duced by the experiences and disciplines of progressing social states. 
And we have, lastly, ol)scrved the connections between special traits 
so acquired and special types of social structure and actirity. Assum- 
ing, then, that evolution ,vill continue along the same Jines, let us 
consider what further changes n1ay be anticipated. 
It is first inferal)l
 that; throughout times to come, the donlestic 
relations of different peopl
s inhabiting different parts of the earth 
"rill continue to be unlike. We must beware of supposing that de- 
veloped societies will become universal. ....\s with organic evolution, 
so with super-organic cvolution, the production of l}igher forms does 
not involve extinction of all lower forms. As superior species of 
animals, while displacing certain inferior species that compete with 
them, leave many other inferior 
pecies in possession of inferior habi- 
t:tts, so the superior types of societies, while displacing t.hose inferior 
types occupying localities they can utilize, will not displace inferior 
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types inhabiting barren or inclenlel1t localities. Ciyilized peoples are 
unlikely to expel the EsquiInaux. The Fuegians will IJl"obably sur- 
vive, because their island cannot support a civilized population. It is 
questionable whether the groups of ,yandering Sen1Ïtes 'who have for 
these thousands of years occupied Eastern deserts "will be extrudeù 
by societies of higher kinds. And perhaps many steaming lllalarious 
regions in the tropics will remain unavailable l)y races capable of 
much culture. lIence the dOlnestic, as ,veIl as the social, relations 
proper to the lower varieties of lllan are not likely to becolne extinct. 
Polyandry nuty survive in Thibet; polygyny may prey ail throughout 
the future in parts of Africa; and, 
llnong the renlotest groups of hy- 
perboreans, mixed and irregular relations of the sexes will l)robably 
continue. 
It is possible, too, that in certain regions militancy 111ay persist, 
and that along with the political relations natural to it there nlay sur- 
vive the domestic relations natural to it. 'Viele tracts, such as those 
of K ortheastern Asia, unable to support populations dense enough to 
form industrial societies of advanced types, will perhaps remain the 
habitats of societies having tbose imperfect fornls of state and family 
which go along ,,,ith offensive and defensive activities. 
Omitting such surviving inferior types, we Inay here limit our- 
selves to tYIJes carrying further the evolution which civilized nations 
now show us. Assuming that among these industrialislu will increase 
and militancy decrease, we have to ask what are the domestic rela- 
tions likely to coexist with conlplete industrialism. 


The monogamic form" of the sexual relation is Inanifestly the ulti. 
mate fornl; and any changes to be anticipated n1ust be jn the <.lil'ec- 
tion of cOlllpletion ana extension of .it. By observing- what possibili- 
ties there are of greater divergence fron1 the arrangements and habits 
of tbe past, woe shall see what modifications are }Jrobable. 
l\lany acts that are normal witll the uncivilized are, 'with the civ- 
ilized, transgressions and crin1(
s. Prolniscuity, once uncbecked, has 
been more and more reprobated as societies have progressed; abduc- 
tion of \\.omen, originally honorable, is now crin1
nal; the Inarrying 
of two or more wives, allowable and creditable in inferiol
 societies, ha.s 
become in superior societies felonious. lIence, future evolution, along 
lines thus far followed, may be expected to extend the monogamic 
relation by extinguishing promiscuity, and by suppressing such crimes 
as biganlY and adultery. Dying out of the mercantile clement in 
marriage n1ay also be inferred. After wife-stealing came ,vife-pur- 
chase; and then fol]owed the usages ,vhich nlade, and continue to 
mak
, con
idel'ations of property IH'edon1Ïnate over considerations of 
personal preference. Clearly, wife-purc])3se and IHlSband-}Hlrc11ase 
(which exists in some sen1Ï-civilized societies), tl10ngh tlu.y llave lost 
their original gross forms, persist in disguised forn1S. ....\]ready some 
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disapproval of those 'who marry for Dloney or position is expressed; 
and this, gro"Ting stronger, may be expected to purify the monogamic 
union by making it in all cases real instead of bcing in some cases 
n olninal. . 
As nlonogamy is likely to be raised in character by a ublic sen- 
timent requiring that the legal bond shall not be entered into unless 
it represents the natÜral bOlld, so, perhaps, it may be that mainte- 
nance of the legal bond will CODle to be held imlJroper if the natural 
bond ceases. Already increased facilities for obtaining divorce point 
to the probability that, whereas, in those early staggs during "Thich 
permanent monogamy was being evolved, the union by law (originally 
the act of purchase) was regarded as the essential part of marriage, and 
the union by affection as non-es3elltial, and whereas at pre
ent the 
union by la,v is thought the mOl'e inlportant and the union by affection 
the less important, there will come a tinle when the union byaffec- 
tion ,vill be held of primary monlent and the union by law as of 
secondary Inoment: whence reprobation of nlarital relations in which 
the union by affection has dissolved. That this conclusion will seem 
unacceptable to most is probable-I Inay say, certain. In passing 
judgment on any moditìed arrangement suggested as likely to arise 
hereafter, nearly all err by considering what would be likely to result 
from the supposed change, all other things remaining unchanged. 
But other things must be assumed to haye changed pari passu. 
Tbose higher sentiments accompanying union of the sexes, ,,
hich do 
not exist among prinlÍtive men, and were less developed in early 
European times than now (as is shown in the contrast between an- 
cient and lnodern literatures), may be expected to develop still nlore 
as decline of 11lilitancy and increase of industrialness foster altruism; 
for sYlnpathy, \vhich i8 the root of altruism, is a chief elenlent in tbese 
sentinlents. .i\Ioreover, with an increase of aItruisnl must go a de- 
crease of domestic dissension. Whence, simultaneously, a str
ngth- 
ening of the moral bond and a ,veakening of the forces tending to 
destroy it. So that the changes which may further facilitate divorce 
under certain conditions are changes ,,,bich will nlake t1)ose condi- 
tions more and more rare. 
There may, too, be anticipated a strengthening of that ancillary 
bond constituted by joint interest in children. In all societies this is 
an important factor, and has sometimes great effect among 
ven rude 
peoples. Falkner renlarks tbat although the Patagonian nuu.riages 
"are at will, ye
 when-once tbe parties are agreed, and have cbildren, 
they seldom forsake each other, even in extrelne old age." And tbis 
factor lnust become more efficient in proportion as the solicitude for 
children becomes greater ana more prolonged, as ,ve have seen that it 
does ,vith progressiug civilization, and must continue to do. 
But leaving open the question ,vhat modifications of nlonogaTny, 
conducing to increase of real cohesion rather than nominal cohesion, 
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are likely to arise, there is one conclusion "
e mar dr
nv with ccttainty. 
Recurring to the three ends to be subserved in the order of their inl- 
portance-welfare of species, \velfare of off
pring, ,,'elfare of parents- 
and seeing that, in the stages no\v reachea by civilized peoples, wel- 
fare of species is effectually secured in so far as maintenance of num- 
bers is concerned, the implication is that \velfare of offspring 1ll1.lst 
hereafter determine tht=' course of domestic evolution. Societies which 
from generation to generation produce in due abundance individuals 
who, relatively to the requirements, are the best pJlysicany, mora]]y, 
and intel1ectually, nlust become the predominant societies, and must 
tend through the quiet process of industrial competition to replace 
other societies. Consequently, marital relations which favor this re- 
sult in the greatest degree lllust spread, 'while the prevailing senti- 
ments and ideas mtlst become so llloulded into harmony with them 
that other relations win be condelnned 3S imlnoral. 


If, still guiding ourselves by observing the course of past evolu- 
tion, \ve ask \vhat changes in the status of WOln
n nlay be anticipated, 
the ans,ver must be that a further approach toward equality of po- 
sition between the sexes will take l)lace. 'Vith decline of lllilitancy 
and rise of industrialness-with decrease of conlpulsory coüperation 
and increase' of voluntary coöperation-with strengthening sense of 
personal rights and accompanying sympathetic regard for the personal 
rights of others, must go a din1Înution of the political find domestic 
disabilities of women, until there- renIain such only as differences of 
constitution entail. 
To draw inferences ntore specific is somewhat hazardous: proba- 
bilities and possibilities only can be indicated. 'Vbile in some direc- 
tions the emancipation of "
omen has to be carried flll'ther, \ve may 
suspect that in other directions tbeir claims bave already been pushed 
beyond the normal limits. If from tbat stage of primitive degrada- 
tion in ,vhich they \yere habitually stolen, ùonght and sold, made 
beasts of burden, inherited as property, and killed at will, we pass to 
the stage Anlerica shows us, in "rhich a lady "ranting a seat stares at 
a gentleman occupying one until he surrenders it, and then takes 
it without tllanking hhn, we may infer that the rhythnl traceable 
throu g hout all chanO'es has carried this to an extr
mo from which 
. ö 
there win be a recoil. The like nIay be said of some other cases: 
what were originally concessions have como to be claimed as rights, 
and, in gaining the character of assumed rights, have lost much of tbe 
grace they had as concessions. Doubtless, however, there ,,
ill remain 
in the social relations of men and women, not only observances of a 
kind called forth by sympathy of the estrong for tho weak irrcf'pcctiye 
of sex, and still more called forth by sympathy of the strong
r s
x for 
the weaker sox, but also observances \vhich originate in the wish, 
not consciously formulated hut felt, to conlpensate women for certain 
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disadvantages entailed by their constitutions, and so to equalize the 
lives of the sexes as far as possible. 
In respcct of domestic pow.er, the relative position of WOlllen ,,-ill 
doubtless rise; but it seems ÏInprobaLle that absolute equality ,vith 
men ,viII be reached. Legal decisions from tinlc to tilDe demanded 
by marital differences, involving the question which shaU yield, are 
not likely to revcrse aU past decisions. Evenly though la,v may bal- 
ance claims, it ,viU, as the least evil, continue to give, in case of need, 
supremacy to thé hushand, as being the more judicially-n1incled. And, 
similarly, in the moral relations of D1arried life, the preponderance of 
power, resulting frolll greater massivencss of nature, lllust, however 
unobtrusive it may become, continue with the man. 
'Vhen wc remember that np from the lo\vest savagery civilization 
has, among other results, brought about an increasing exenlption of 
WOlllen froin bread-winning labor, and that in the highest societies 
they have become most restricted to domestic duties and the reariug 
of children, we may be struck by the anomaly that at the present 
tinle restriction to indoor occupations has come to be regarded as a 
grievance, and a claÍ1n is nu:
de to free competition ".itb ll1en in all 
out-door occupations. This anomaly is traceable in part to the abnor- 
mal excess of women; and obviously a state of things ,,-hich excludes 
many ,vomen fronl those natural careers in which they are dependent 
on men for subsistence justifies the demand for freedom to pursue 
indepcnc1cnt careers. That any hinderances standing in their .way 
should he, and will be, abolished 11lust be admitted. At the same time 
it must be contended that no considerable alteration in the careers of 
,vomen in general can be, or should be, so produced; and, furt]ler, 
that any extensive change in the education of women, ma<le "with the 
view of fitting thel11 for businesses anc1 professions, ,vonla be mischiev- 
ous. If ,vomen comprehended all that is contained in the don1cstic 
sphere, they would ask no other. If they could see all that is hnplied 
in the right education of children, to a full conception of which no 
man has yet risen, much less any woman, they would seek no higher 
function. 
That in time to come the political status of women may also be 
raised to something like equality ,yith that of mpn, see1l1S [I deduction 
naturally accon1panying the- preceding ones. But such an approxi- 
mate equalizat.ion, normally accompanying a social structure of the 
completely industrial type, is not a norn1al accompaniment of social 
types still partially militant. Just noting that the giving to men and 
\vornen equ31 amounts of political power, while the political respon- 
sibilities entailed by war fell upon IHen only, ,vould involve a serious 
inequality, and that the desired equality is therefore ilnpracticable 
while wars continue, it ma}7 be contended that though the possession 
of political po,ver ùy women would possibly improve a society in 
which state-regulation had been brought within the linlits proper to 
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pure industrialis111, it ,,'ould injure a society in which state-regulatioll 
luts the "TideI' range characterizing a more or less militant type. Sev- 
eral influences would conduce to retrogression. The greater respect 
for authority and weaker sentiment of individual freedom character- 
izing the feminine nature ,voulJ tend toward the lnaintenance and 
multiplication of restraints. ALility to appreciate special and Ï1nme- 
diate re::;ults, joined ,vith inahility to appreciate general and remote 
results, characterizing the majority of nlen, and still lllorc character- 
izing "'omen, would, if,volnen had po,ver, entail increase of coercive 
measures for achicving present gooù, at the cost of future evil caused 
by excess of control. But there is a more direct reason for antici- 
pating n1Ïschief from the exerci:se of political power by women, while 
the industrial form of political regulation is incomplete. We have 
seen that the ,velfare of a society requires that the ethics of the fam- 
ily and the ethics of the state shall ùe kept distinct. Under the one 
the greatest benefits 111ust be given where the merits are the smal1cst; 
under the other the benefits l1Ulst be proportioned to the nlerits: for 
the infant, unqualified generosity; for the adult citizen, absolute jus- 
tice. The ethics of the fall1Ïly have for their correlatives the })arental 
instincts and sentiments, which, in the fenlale, are qualified in a smaller 
degree by other feelings than in the male. Alrea
l y these emotions 
proper to pàrenthood, a
 they exist in men, lead theln to carry the 
ethics of the family into the })olicy of the state; and the mischief 
resulting ,voulcl be increased ,yere these emotions, as existing in wOll1en, 
directly to influence tl)at })olicy. The progress toward justice in so- 
cial arrangements 'would be retarded, and demerit would be fostered 
at the expense 'of merit still more than now. 
But, in proportion as the conceptions of pure equity become clearer; 
as fast as the '}9éginw of voluntary coöperation develops to the full the 
sentiment of ])ersona1 freeclom, with a correlative regard for the like 
freedom of others; as fast as there is approached a state under which 
no restrictions upon individual liberty will be tolerated, save those 
'which the equal liberties of fellow-citizens entail; as fast as indus- 
trialism evolves its appropriate political agency, which, ,vhile commis- 
sioned to maintain equital)le relations among citizens, is shorn of all 
those powers of further regulation proper to the n1Ïlitant type; so fast 
may the extension of political po,ver to wonlen go on ,vithout evil. 
The moral evolution ,,
hi('h leads to concession of it ,vill be the sanie 
moral evolution which renders it hal'lnlcss and proba'bJy beneficial. 


No very specific {'onclusions are to be dra '\\"n respecting future 
changes in the status of children. Parental and filial relations, less 
regulated in detail l)y Jaw and custom dian all others, have more 
readily changed uncleI' the influence of changed sentiments and ideas, 
and, while becolning generally liberalized, have become so far varied 
that it is difficult to characterize them. 
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While an average increase of juvenile freedom is to l)e anticipated, 
there is reason to think that here and there it has already gone too 
far. I refer to the United 
tates. Besides in some cases unduly 
subordinating the lives of adults, the degree of independence there 
allowet1 to the young appearR to have the effect of bringing them for- 
ward prematurely, initiating theln too early in the excitements proper 
to maturity, and so tending to exhaust the interests of life before it is 
J}alf spent. Such regulation of childhood as conduces to full utiliza- 
tion of childish activities and pleasures, before the activities and pleas- 
ures of luanhood and wOlnanhood are entered upon, is better for off- 
spring at the sanle thue that it is better for parents. 
IIo\v far is parental authority to go? and at w hat point shall 
political authority check it? are questions to be answered in no satis- 
factory way. Already I have given reasons for thinking that the 
powers nnd functions of parents have been too far assluned by the 
state; and tl}at prohably a reintegration of the family will follo,v its 
present undue disintegration. It seems possible. that from the early 
forn1 in which s::>cial and family organizations are conlpulsory in char- 
acter, we are passing through semi-militant, semi-industrial phases, in 
,vhich the organizations of both state and family are partly compul- 
sory, partly voluntary, in character; and that, along ,vith conlplete 
social reintegration on the basis of yoluntary coüperation, ,viII come 
domestic reintegration of allied kind, under 'whicb the life of tbe fam- 
ily will again hecome as distinct from the life of the state as it origi- 
nally ,vas. Still there remain the theoretical difficulties of deciding 
ho,v far the powers of IJarents over children 111ay be carried; to ,,,hat 
extent disregard of ])arental responsibilities is to be tolerated; ".hcn 
does the child cease to be a unit of the family and become a unit of 
the state. Practically, however, these questions ,viII neea no solving; 
since the same changes of character .which bring about the highest 
form of family win almost universally prevent the rise of difficulties 
,vhich result fronl characters of lower types proper to lower socie- 
ties. 
1\10reover, there always remains a security. ""'hatever conduces 
to the highest ,velfare of offspring must more and nlore establish itself 
through the replacing of children of inferior parents reared in inferior 
ways hy children of better parents reared in better ways. As 10\\ger 
creatures at large haye ùeen preserved and advanced through the 
instrlunentality of parental instincts; and as in the conrse of hunlfin 
evolution the domestic relations originating fron1 the neet1 for pro- 
longed care of offspring have been assun1ing higher fornls; and as the 
care taken of offspring has ùeen becoming greater and nlore enduring; 
we need not doubt that, in tbe future, along with the morp altruistic 
nature accompanying a higher social type, there ,,-ill come relations 
of parents and children needing no external control to insure their 
well-working. 
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On
 further possibility of domestic evolution remains. . The last 
component to show itself among the feelings which hold the family to- 
gether, the care of parents by offspring, is the one which has nlost 
room for increase. Absent in brutes, small among prinlÏtive men, con- 
siderable among the partially civilized, and tolerably strong among the 
best of those around us, filial affection is a feeling that adn1Ïts of 
much further growth, which is needed to Inake the cycle of domestic 
life complete. At present, the latter days of the old whose Inarri
d 
children live away from them are Inade dreary by the lack of those 
remaining pleasures to be derived from the constant sQciety of de- 
scendants ; but the tinle will come when this evil will be met by an at- 
tachment of aJults to parents which, if not as strong as that of aget1 
parents to children, approaches it in strength. 
Further development in this direction ,vill not, however, occur 
under social arrangements which partially absoh'e parents fron1 the 
care of offspring. A stronger feeling to be displayed by child for 
parent in later life must be established by a closer intÏInacy bet,,'een 
parent and child in early lite. No such higher stage is to be reached 
by walking in the ways follo\ved by the Chinese for these t",'o thou- 
sand years. 'Ve shall not rise to it by imitating, eyen partially, the 
sanguinary 
Iexicans, whose children, at the age of four, or sODletimes 
later, were delivered over to be educated by the priests. "\Ve shall 
not impl"OVe fanlily feeling l)y approaching toward tbe arrangements 
of the I{oossa-Caffres, among w'hom " all children a boye ten or eleven 
years old are publicly instructed under the in
pection of the chief." 
Thi
 latest of the domestic affections will not be fostered by retro- 
grading to,vard custon1S like those of the Andarnanese, nnd, as early as 
possible, clulnging the child of the fanlily into the child of the tribe. 
Contrariwise, such a progress ,vin be achieved only in proportion as 
both moral and intellectual culture are carried on by parents to an 
extent now rarely attempted. 'Vhen the unfolding minds of children 
are no longer thwarted, anel stunted, and deformed, by the mechan- 
ical lessons of stupid teachers-when instruction, instead of giving 
nlutual pain, gives mutual pleasure by Ininistering in proper order to 
faculties which are severally enger to appropriate fit kno,v1E.dge pre- 
sented in fit forms-when, with a ,,"'ide diffusion of adult culturé, 
joined with rational ideas of teaching, there goes a spontaneous nn- 
folc1in
 of the juvenile n1Ïncl such .as is even no,v occasionally in(li- 
cated by exceptional facility of acquisition-,,'hen the earlier 8ÜIges 
of education passed through in the don1estic circle have becomc, as 
they will in ways scarcely dreamed of at present, daily aids to the 
strengthening of sympathy, inteHectual and moral, leaving only the 
more speeial cultures to be carried on hy others; tlwn win the latter 
days of life be smoothed by a greater filial care, reciprocating the 
greater parental care besto wed in earlier lite. 
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ODD FORl\IS .A.:ßIOXG FISIIES. 


By PROFESSOR SA:KBORN TE

EY. 


p llon....\BL y there i
 no group of allÍ1uals-certaillly no group of 
vertebrates-that exhibits more strange and even monstrous 
fol'luS than fishes. 
The typical fish, we may well believe, is some such form as the 
salmon: or the cod, or the bass, or an average of thef:le and their nu- 
uwrous allies. In a word, the ordinary fishes of the ocean, lakes, and 
strean1s, give us esseutially the true idea of the typical fish. 
But what rernarkable departures from these ordinary forms ùo we 
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FIG. 1.-SAL
oN, introduced here as an example of a typical fi
h. 


find when ,ve take a survey of the whole vast group of aniluals that 
are called fishes! 
Let us take the sall110n as a fair sample of an ordinary fish, anù 
then hriefly notice a few of the strange forms to which the name i8 ap- 
pI ip(l. 
If we look at the rays (Fig. 2), we see" fishes" whose width is so 
great in proportion to their length, that in giving thei
 dimensions it 
would seen1 to be quite the natural thing to put down the width as the 
pron1Ïnent measurement instead of the length, as is our cnston1 in the 
case of ordinary fishes. And it may he remarked here that the great 
relative breadth of these allinlaIs is connected with the kind of nl0ye- 
l11ents which they exhibit in progression. Instead of ordinary swin1- 
ming, these anilllals effect locomotion by a sort of flight through the 
waters; and hence are often c-allcà "sf'a-eagIes," "sea-vampire
," etc. 
They all belong to the sea. Son1e of the rays are of wonderful diInen- 
sions, although the ordinary kinds are only about two or three feet 
,vide. One w'a.s taken near l\lt'ssilla ,vhich weighed half 3. ton. One 
taken Ileal' Darbadoes is saill to have been so large tllat it required 
seven yoke of oxen to draw it! Levaillant tells us of one which 'Y3S 
tIti l'ty fe('t witle 
HHl t wenty-fi ye feet long; and Dekay st ates t lUlt 
one of thes(
 nlonsters of the deep has b(
en known to seize the cable 
of 3. sn1all vessel at anchor, anù draw it several Illiles with great 
velocity! 
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The rays have the mouth, nostrils, and gill-openings, on' the under- 
side. I..i1..e the sharks, they are ,vithout gill-coyers, and have t he gins 
fixed by both margins. Their teeth differ fronl tbose of all ordinary 


FIG. 2.-STING-RAY (Tryqon hastata, Storer). 


fishes, being of a deßnite forll1, bounded by planes synlmetrically ar- 
ranged, the whole forming a beautiful mosaic (Fig. 3). 
RemarkalJle as are the form and general strncture of the rays, as 
indicated abo, e
 a still more remarkable structure is exhibited in SOlne 


FIG.3.-TEETH OF A RAY. 


of them; for those known as torpedoes (Fig. 4) are so constructed 
that they are a powerful galvanic hattery. These have the space Le- 
tween the pectoral fins, the head, and t})e gills, on ench si(le, fiJIed 
,vith memóranons tubes which are divided by horizontal partitions 
into small cells filled ,vith a sort of mucus and traversed by nerves; 
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and by means of this apparatus they give violcnt shocks to anÏIllals 
with ,vhich they C01ne in contact. 
IIardly less strange than the rays are those animal structures 
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FlG.4.-ToRPEDO. b, hrain; eo, eye and optic nerve; el, electric orgdn8 ; 81Z, spinal nerves: 8m, 
spinal .marrow 
 pg, pneumogastric nerves going to the electric organl5; pg', branch of the 
p reced lllg; g, gIlls. 


which remind us son1ewhat of the rays on the one hand, and tbe 
sharks on the other, Lut ,vhich differ from both in several important 
respects, but especially in having a very long depressed and bony 
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FIG. 5.-JtIACKEREL-SliARK (Lamna punctata, Storer). 


snout, armed on each sid
 with spines implanted like teeth, the ,vhole 
constituting a most fonnidablc weapon. These are the sawfishes 
(Fig. 7), which attain a length of fifteen feet or lllorc. 
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Everyone sees at a glance that the sharks (Figs. 5, 6, 7) are 
,videly different fronl all ordinary fishes. Their peculiar outline in 
general, their unequal-lobed tail, their transverse lIlouth on the Ull- 
derside of the head, their formidable array of lancet-f.05hapcd teeth, 


FIG,6.-TnnESliER-SHARK l.4..lopias 'l:ulpes, Bonaparte). 


t.heir fixed gills without gill-covers, their rough skin, their pillow- 

haped eggs with long, tendril-like appendages at the corners (Fig. 
8), all conlùine to separate thenl ahout as far as postsiLle fronl typical 
fishes. And if we compare them with one another, wlJat ,vonderfully- 
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FIG. 7.-BAM1IIER-nEAD SHARK (Zygæna mallf'
/8. Va]('Dciennes); and SAWFISII (Pristi.s anti- 
quorum, Latham). 


àiversifi<:d forms do we ReG as \ve pass fron1 the dog-sharks to tbe 
n1ackerel-sharks, and from th(? latter to the white sharks, and fro III 
these to the threshers, and to the hamnl(
r-heads, and 
o on through 
the whole list! 
And who that has studied only the orùinary fishes 'would at length 
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expect to find such a fish as the chimæra (Fig. D)-an anin1al whose 
general appearance, it is true, is SOlnewhat shark-like, but which, if 
possible, 1s more strange and monstrous than any of the sharks or 
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FIG. 8.-SII..\.RK'S EGG, WITlI A POUTION OF TilE COVERI:oi'G REMOVED. 


rays? This curious arctic fish, which attains the length of four feet" 
is not only exceedingly reillarkable in its general appearance, but it is 
especially ren1arkable in its structure-having no upper jaw, tbe four 
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FIG. 9.- NORTHERN CHlM.ÆRA, OR KING OF HERRINGS (Chimæra monstrosa). 


upper teeth being supported on the front of the skul1, and only two 
teeth in the lower ja\v, and having no backbone, this important part 
being represented only by the most rudimentary structure, such as 
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FIG, 10.-LEPIDOSIREN. 


.exists in the ordinary embryonic vertebrate, and which IS known 
under the name of chorda dorsalis. 
VOl.. xl.-34 
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In the tropical regions of An1erica and Africa there is found a 
strange "fish," about three feet long, and 'called the lepidosiren 
(Fig. IO)-scaly siren, as the name implies. In its general aspect it 
is decidedly reptilian, and some wTiters have described it under the 
reptiles. Nor is it strange that naturalists should have been in doubt 
in regard to its true affinities, for it is decidedly reptilian in appear- 
ance, and is so unlike the typical fishes in structure that it has both 
gills and lungs-thus leading a sort of double life. It is believed 
that in Ï1nportant respects this fish is like some of the fishes tbat lived 
in tbe old Devonian times. 
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FIG. 11.-GAR-PIKE (Lepidosteus). 


The gar-pikes, too, depart considerably from ordinary fishes, 
especially in their teeth, hard, shining scales, and heterocercal tail 
(Fig. II). 
.And the sturgeons (Fig. 12), ballasted and protected with rows of 
large bony plates, and with a nose fitted for" rooting," and a nlout11 
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FIG. 12.-STURGEON (Acipenser oxyrhynchus, :Mitchell). 


for sucking, and a tail more or less like that of a shark, are very un- 
like anything we should select as a typical fish. 
And ,vhat shall "rc say of tIle" sea-horses," 01" hippocamps (Fig. 
13), whose head r
minds us far more of the head of a horse than it 
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Fm 13.-SEA-HoRSE (llippocam- 
pus Hudsoniu8, Dekay). 


FIG. 14.-PIPE-FISH (Sygnathus Pcckianu8. Storer). 


does of that of a typical fish? Anò of t11e pip
-fisl1(
s (Fig. 14), or sy- 
gnathi, whose l)ody is all length, nearly, and whose month is just at 
the extremity of a long snout; ana which have this strange haLit, 
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namely, that the males receive the eggs into a pouch, in which they 
carry them till they arc hatched? 
'Vho that has studied and heard of only ordi
1ary fishes' would 
ever expect to see such an animal as the sunfish (Orthagoriscus) ; and 
,,
ho, when he sees one for the first time, would regard it as anything 
short of a monstrosity? This huge fish (Fig. 15), weighing, in some 


FIG. 15.-SUNFISH (Orthag01'Í8cus mola, Schreiber). 


cases, five hundred pounds, is so abbreviated behind, that it is scarcely 
represented behind the dorsal fin, making it one of the most remark- 
able forms, and one of the most difficult to explain, to be found in the 
whole class. 
The trunk-fishes (Fig. 16) are very remarkable forms. They have 
an inflexible shield of bony plates, so that the mouth, tail, and fins, 
are the only movable parts. These small fishes-from three inches to 
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FlG.16.-TRUNK-FISH (Lactophrys 
Camelin'lls, Dekay). 


FIG. 17.-PuFFER (Tetraodon turgidus, 
Mitchell). 


a foot in lcngth-arc thus in strong contrast with the or<tinary fì
hes, 
who
e ,vhole bodies arc so flexible that there is the great
st freedom 
of Hlotion t hronghout nearly tbe entire structure. 
.Ag:lÏn, the puftèr
 (Fig. 17) are remarkable fOrIns. Being more 
or l('
s ('overe<1 ,vii h spines, and having- the habit of inflating theln- 
sehycs 1y 
w:111o,ving air, thus giving thcm 11101'e or less of a rounded 
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appearance, they Inay perhaps not improperly be called the "sea- 
urchins" among fishes. 
Another strange form is the fishing-frog, or angler (Fig, 18), whose 
enormous mouth enables it to swallow animals nearly as large as 
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FIG. lB.-ANGLER, OR GOOSE-FISH (Lopltius Americanus, Cnvier). . 


itself, and whose anterior dorsal rays bear fleshy filanlents, which it is 
said to use as a bait to cJecoy other fishes, that it may secure them as 
food. 
In the cavities under stones in the sea are found the little toad- 
fishes (Fig. 19), whose head is so like that of a toad that we are 
ready to concede tbat both the popular and scientific names of these 
animals (batrachu8) are well bestowed. 


FIG. 19.-ToAD-FISH (Bat'(achu8 tau, LlnnæUB). 


There are many other fishes that depart so nlucb from the ordinary 
forms that the common fisherman instinctively names them after some 
land-animals. The sea-wolf or wolf-fish is one of these, although its 
head is nlore like that of a ,vild-cat or a lynx than it is like that of a 
,volfe It is sometimes called the sea-cat. Its body is long, with a 
dorsal fin nearly the whole length, and the head is round; its mouth 
is arn1ed wi"th a most formidable array of teeth, making this allilnal, 
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which is five or six feet long, a most dangerous antagonist when the 
fisherman come:s in direct conflict with it. 
The hand-fishes of the tropics are very small, but their grotesque 
appearance and hand-shaped fins, suited for creeping, make them very 


"\. 


,
 



-/-- 


, 
. '. ..', 
...
. ..
 
\' \. .
, , \ .\ \.\. '., "< :\1 
,"\. .'
\ . 
 
- 
:,
 ':} 
:'
;O:
 
 0
:.:;

 ;,: .r:
 
:
 

 


;
 
, " -- - 

 
 
.::
 
 
 \

; - - 
/') / 
, //' 1/ 
 _ ú.;;; __ ................. 
-v 
 



 


--- 



,' , 


FIG. 20.-SEA-WOLF (Anarrlticlw8 lupus). 


proper subjects of notice in this connection. One very small species 
is found on our Atlantic coast. 
N or ought the lump-fish (Fig. 21) to be omitted in this enumera- 
tion; for, although it is not specially remarkable in its general aspect, 
it is very remarkable in at least one portion of its structure. It bas 
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FIG. 21.-LuMP-FIsrr (Cyclopterus lumpus, Linnæos). 


its ventral fins united so as to form a cup-shaped disk, and by means 
of this disk this fish is able to attach itself to any surface with great 
firmness. Pennant states that, upon putting one into a pailful of 
water, it adhered to the bottom so firmly that he lifted it by the 
fish's tail. 
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FIG. 22.-SWORD
FISH. 


N or ought we to omit to mention the sword-fisb, although it ex- 
hibits nothing- specially remarkable in its general form, excepting its 
sword-like prolongation of the jaw (Fig. 2
). And on account of its 
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movable spine at the base of the tail we may merely mention the 
herbivorous lancet-fish, although in its general outline it is scarcely 
more remarkable than a perch or a bream. 
"Sea-ravens" (He1nipterus, Fig. 23), "sea-robins" (Prionotus) , 
" sea-swallows" (Dactylopterus), and sculpins (Cottus), may well be 
called strange fishes, for their forms are so marked and so strange that 
they at once arrest the attention of the commonest observer at the 
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FIG. 23.-SEA-RAVEN (Hemipterus Á.cadianus, Storer). FIG. 24.-STAR-GAzER (Uranoscopu8 
anoplos, Cuvicr). 


sea-side. "\\Thile all these have a certain general resemblance to one 
another, all agreeing in being remarkably ugly, each has its own 
marked peculiarities in the development of the head and fins, and in 
the curious fleshy filaments which are found upon some of them. 
We may also justly include the little star-gazers (Uranoscopus, 
Fig. 24) of the Atlantic, whose eyes are so placed that they appear as 
if looking constantly toward the heavens, and "Those mouth is cleft 
vertically, and has in it a long filament which can be protruded at 
will, and which is said to' be used in attracting small fishes while the 
owner lies concealed in the mud. 
N ext we may mention the remora (Fig. 25), on whose head there 
is a sort of disk composed of laminæ which are serrated and movable, 
by means of ,vhich the fish can firmly attach itself to other animals. 
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FIG. 25.-REMORA -(Echeneis). 


I t is said that it can be made useful by putting a ring attached to a 
lin
 around its tail, and then al1ow-ing it to swim away in search of a 
victiu1; when it has firmly attached itself to a fish, both the rmnora 
and its captive are hauled in together. 
Remarkable and strano-e as are aU the forms of fishes which w.e 
have so far noticed, not :ne of them exhibits any want of bilateral 
symmetry. But ,ve now come to a whole group of fishes, including 
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halibuts, turbots, soles, flounders (Fig. 26), etc., ,vhose two sides are 
totally unlike-a peculiarity ,yllich is not only not found in any other 
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FIG. 26.-FLouNDER (Platessa vulgaris, Cnvier). 


group of fishes, but not in any other group of vertebrate animals. 
These strange fi
hes have the body flat, both eyes on tbe Salnf' side 


of the head, and the sides of the mouth unequal. They are without a 
s,vinlmillg-bladder, live at the bottom of the sea, and are of all sizes, 
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FIG, 28.-FLYING-FISH (Exocætw). 


frorn those not more than E\ix or eiO'ht inches in lencrth to those that 
. 
 b 
attain a ,veight of six hundred pounds. 



536 THE POPUL.AR SOIENOE lrIO.1VTHLY. 


As for the gars, I should not mention them in tl1is article, although 
they are quite peculiar in several respects, were it not for one fact 
connected ,vith the nature of their skeleton. Their bones are of a 
green color, a peculiarity which, so far as I am informed, is unique 
among vertebrates. 
Nor is there anything very peculiar about the flying-fishes, except 
the excessive development of their pectoral fins, and the habit of 
" flight" connected with this development (Fig. 28). 
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FIG. 29. -C.ATFISH (Silurus glanis). 


But perhaps we ought not to omit to mention the siluroids (Fig. 
29), or catfish, for, although they are more like ordinary fishes than 
some of those already mentioned, their large, broad, and flat head, 
and large mouth with its fleshy filaments, give them a decidedly 
outré appearance, making them quite marked forms in the class of 
fishes. 
,.A.s to the little blind-fishes (Fig. 30), or Amblyopsidæ, of the 
l\lammoth Cave, they are very similar in general outline to ordinary 
fishes, but are peculiar in having the eyes rudimentary and concealed 
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FIG. 3O.-BLIND-FISH (Amblyopsis spelæus, 
Dekay). 


FrG. 31.-LAMPREY (Petromyzon A1Mricaïl'l
8, 
LeSueur). 


under the skin and in havin a the vent before tne base of the P ectoral 
, 0 
fins at the point indicated by the dotted line in Fig. 30. 
The eels are only or mainly remarkable on account of their elon- 
gated form. But tne lampreys (Fig. 31), though eel-like in form, are 
not only different from ordinary eels in thpir structure, but very dif- 
ferent from all the fishes we have hitherto noticed. Their respiratory 
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apparatus is very peculiar, being composed of seven pouches on each 
side, which receive ,vater from the lateral openings of a canal distinct 
froln the æsophagus, and discharge the same through seven branchial 
openings on each side of the neck; and their mouth and tongue are 
more strange than their breathing-apparatus. The mouth is round, 
and the tongue moves forward and backwanl in it like a piston, thus 
enabling the auinull to .produce a vaCUlun to fix itself firmly to a stone 
or any other bodr in the ,vater. 
As ,ve get near the bottom of the scale in the examination of 
fishes, we find forms which, so far as their generaf outline is concerned) 
give no intinuttion of their true affinities. The myxines, or hags (Fig. 
32), are of thi
 sort: small fishes which have the general aspect of 
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FIG. 32.-HAG, OR l\IYXINE (J/yxine 
limosa, Girard). 


FIG. 33.-LANCELET. OR AMPHIOXUS (Bran- 
c1tÍÐsloma). 


worms, but whose plan of structure shows them to be vertebrates, 
and ,vhose circular mouth and piston-like tongue ally them to the 
lan1preys. 
. And at the very bottom of the group of fishes ,,"'e find the little 
amphioxus, or lancelet (Fig. 33); and ho,v wide is the gap between 
this soft, nearly transparent vertebrate, without teeth or jaws, ,vith- 
out skeleton or real head, and with only a mere slit for a mouth, and 
the typical fish as we see it in the shad, the cod, and the salmon! 
So litt]e does the alnphioxus appear like eyen 3, vertebrate, tl]at Pal- 
las, the naturalist ,vho first described it, thought that it ,vas SOllie 
sort of slug or snail. 
These strange forms of fishes are facts; and the important ques- 
tion is, '\Vhat do they n1ean? What has caused them? What are 
they for? 'V ill thl'Y continue? These and other questions quickly 
suggest themselves, and are easily asked; but are not so easily an- 
swered. 
The whole subject of the origin and meaTling of organic forms is 
a very important one. It is -not so narrow as indicated by the qnes- 
tions asked above about the queer forn1s of certain fishes; but it is a 
subject ,vhich enlbraces inquiry into the origin and full significance 
of all organic forms upon the earth and within its crust. 
Are these fishes and all other organic forn1s ju
t as they were cre- 
ated? The creationist says " Yes; " the evolutionist says " No." Sup- 
pose ,ve admit the doctrine that they were aU created as they no,v 
appear-what does it mean that there arc 15,000 specific fOrIns of 
fishes, and that a thousand, or two thou
and, n10rc or les
, are of these 
outré forms described above? C:1n anyone give a satif:factory an- 
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swer? Or suppose 'we accept the doctrine of evolution and natural 
selection-does that, when ,ve con1e right down to the facts as re- 
vealed in these 15,000 forms of fishes and all other organic forrna, 
sol ve all the difficulties for us, or enable us to solve them? Dol's 
evolution alone enable us to account for the ,yonderful diversity of 
form, to say nothing of the scarcely less wonderful diversity of size, 
ftmong these numerous vertebrates-especially ,vhen we remeInber 
that thousands of the most diverse forms have always been under 
oj 
essentially the same physical conditions? 
Is there any rational explanatior
 that we can yet give of such a 
form and structure as those exhibited in tbe torpedo (Fig. 4), in the 
sawfish and the bammer-head shark (Fig. 7), tbe chimæra (Fig. 9), the 
remora (Fig. 25), or the lamprey (Fig. 31) ? 
Is it not true that ,ve have much yet to learn before we can give 
a satisfactory explanation of the ,vonderfully diverse forn1S in the 

nimal kingdoIn, or even in a single group like that of fishes? 
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. TIlE OBSERVATORIES OF ITALY.l 


By PROFESSOR G. RAYET. 


I N the course of my journey.in Italy, I visited succes
i..,ely the ob- 
servatories of Palermo, Naples, Rome (that of the Roman College 
as well as that of tbe. Capitol), Florence, Bologna, J\lodena, Padua, 
l\lilan, and Turin, remaining some time at each. Th
Te are thus no 
less than ten observatories in Italy, three tiDIes as many as in France; 
and from the proceedings of the Congress of Astronomers at Palermo 2 
it appears that it is the intention of the Government to maintain all 
of them, each one being devoted, however, to a different branch, so 
as to fulfill the various needs of astronomical science, now become so 
complex. 
Of these observatories, only tbat of Naples has a considerable 
number of assistants, and in no one is the ,,'ork done under rigid 
regulations; eac1) astronomer devotes himself, according to 11Îs predi- 
lections, to a Rpecial subject; emulation and the desire to make a name 
in science produce a continuity of effort the result of which bas in 
1 Prof. Rayet, of Marseilles, has recently been deputed, by the llinister of Public In- 
struction of France, to visit the various observatories of Italy, and to report upon them. 
His report is published in the Archives des .J[ission.s Scicntifiques, gme série, tome iii., p. 
529. As this work is not generally accessible, and as almo
t nothing is known in this 
country of the important steps now taking in Italy, it is hf'lieved that the following 
abridgment and translation of this report will be of valuc.-EDIToR. 
2 See _\pp
ndix to vol. iv. of the" Memoirs of the Society of Italian Spectroscopists," 
p. 37, et scq. 
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the last few years been manifest in various brilliant discoveries. 
To sho"r this, it will be sufficient to describe briefly the situation of 
each observatory, and the work upon ",.hich it is at present engaged. 
THE OnSERV ATORY OF PALERMO: .Director, 1\1. Cacciatore; ÅS- 
tronoJner, 1\1. Tacchini.-This observatory contains two important 
instrlunents: a meridi
n-circle, constructed in 1857 by Pistol' and 

Iartins (of Berlin), whose telescope has an aperture of 126 milli- 
metres (4.98 inches), and an equatorial by l\Ierz (of l\Iunich), of 24 
centimetres (9.45 inches) aperture, which, though built in 1857, was 
not mounted until 1865. The meridian-circle was employed in 1870 
to determine the difference of longitude between Naples and Palermo, 
this last point being the fundamental station in the new topographical 
lllap of Sicily, and it is daily employed in observations of the sun 
and the principal stars. The most important work, however, of the 
observatory of Palermo, which is specially undertaken by 1\1. Tac- 
chini, is the daily study of the solar protuberances. 
Since the total solar eclipse of 1868, a great. number of astrono- 
mers have devoted themselves to the daily observations of these 
protuberances, in order to study their distribution on the solar cir- 
cumference, and their relations with solar spots. Among these 
astronomers are Lockyer, Seccbi, Rayet, Respighi, Tacchini, and 
Young, but it is in Italy that these researches are most vigorously 
pr<?secuted, and, in order to avoid the interruptions in a series which 
cloudy days may occasion, the observatories of Palermo, Rome, and 
Padua, prosecute these observations in common. 
Every day, when the weather will permit, 1\1. Tacchini makes a 
drawing of the protuberances surrounding the border of the sun and 
of the spots and faculæ which are upon its surface. These dra",-ings, 
a:s well as those made at Rome and Padua, are subsequently pub- 
lished in the "l\Iemoirs of the Society of Italian Spectroscopists," 
whose publications, begun in 1872, form already four large quarto 
volumes. 
For this work, 1\1. Tacchini makes use of the large equatorial of 
the observatory, and a direct-vision spectroscope made by Tauber, of 
Leipsic, ,vhich has two series of five prisms. These prisms are of rare 
excellence, for, in spite of their nunl bel', the spectral lines suff
r no 
distortion. The spectroscopé can be rotat
d on its axis so that. it can 
be placed tangentially on any portion of the sun's circumference. 
Anlong the interesting historical instruments of tbe observatory is 
the altitude anJ :tzimuth' circle made by Ranu;den in 1788-'89, ,vhich 
served Piazzi in the preparation of his great catalogue of stars. 
TIlE OBSEH,V ATORY 011' NAPLES: IJirecto1", 
I. de Gasparis; As- 
tronOJner,,:, 1\J:\1. Fl'rgola, nrJo
chi, and N ohile.-The ohservatoryof 
N aple
 i
 thp Blost ilnportant of those of Italy, in its equipment ana 
its personal l'sf:1 hI isllnH'nt. 
It was t'oull<1('(l in 1812 by 
Iurat, ana it is huilt in agr
cmcnt with 
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modern ideas. It contains numerous instruments which are maintained 
in perfect order by the care of an instrument-maker attached to the 
observatory. In the west meridian room are a transit-instrument by 
Reichenbach (aperture 117 millimetres == 4.6
 inches), and a meridian- 
circle by the same artist (aperture 108 millimetres == 4.25 mches). 
These are still in use, and by means of them 1\1. Fergola has lately 
determined the differences of longitude of Naples ,vith Rome and 
Palermo. The east meridian room contains a meridian-circle by 
Repsold, which has just been mounted, and which is one of the best 
instrulllents of this class n1ade by this celebrated artist. The tele- 
scope has an aperture of 163 millimetres (6.42 inches), and a focal dis- 
tance of two metres (8.74 inches). It has a single graduatf1d circle, 
one m
tre (39.37 inches) in diameter, and four microscopes. 
It is with this instrun1ent that 1\1. Fergola is observing the zone 
of stars which the observatory of Naples has undertaken for the Ger- 
D1an Astronomical Society. Besides tbe three meridian-instruments 
the observatory of Naples has in active use two equatorials, and is 
soon to obtain a third of larger dimensions. The first of these instru- 
ments was constructed in 1811 by Reichenbach and Utschneider, and has 
83 millimetres (3.27 inches) aperture. It is with this small instrument 
that 
1. de Gasparis discovered nine asteroids, IIygea, PartlLenope, 
E.qeria, Eunomia, Psyche, lJIassalia, Then1Ïs, Ausonia, and Beatriæ. 
The second equatorial was made by l\'Ierz, of 
iunich, and bas 134 mil- 
limetres (5.28 inches) aperture, and 2.06 metres (81.10 inches) focal 
length. The objective is of so perfect a figure that, in spite of its 
small dimensions, 1\-1. Nobile has been able to employ it in the meas- 
urement of double 8tars of Struve's catalogue. (These were discov- 
ered by Struve with an objective of 9.62 inches aperture.) 
OBSERVATORY OF THE ROMAN COLLEGE: Director, Padre Sec- 
chi; Astronomer, Padre Ferrari.-The observatory under the direc- 
tion of Padre Secchi is built upon the top of the cupola of the 
church of St. Ignatius, near the Corso; but in so solid a 'way tbat the 
stability of the instruments, during the night at least, is quite satis- 
factory. The prIncipal Instrument of the observatory is an equatorial 
of 7.5 incbes aperture, wbich is one of the chefs-d'æuvre of l\lerz. 
There is still another equatorial, by Cauchoix, of five inches aperture, 
wbich is used for the daily observations of solar spots, and also a transit- 
instrument by Ertel (aperture 92 millimetres == 3.62 inches), for time- 
determinations. The situation of the observatory, in the centre of the 
city, has forced its illustrious director to devote his efforts to the study 
of physical astronomy, which in his opinion is too much neglected in 
government observatories. 
To en umerate the magnificent works executed in this branch of as- 
tronomy by Padro Secchi would require too much space, but I may 
mention a new experimental nlethod used by Padre Seccl1i in }Üs 
studies of the solar protuberances. For n10re than a year he has 
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employed ill place of the prisIlls of his spectroscope a iliflraction- 
grating ruled upon speculum metal by IÆwis 1\1. l
utherford, Esq., of 
K ew York City. This grating has 4,000 lines to t
lC English inch, 
and gives a spectrunl ,,,,,hose definition leaves nothing to Le desired. 
For the study of the solar prominences such a grating appears to me 
infinitely superior to any cOlnbination of prisms. 
OBSERVATORY OF THE CAPITOL: Director, 
1. Respighi; Assistant, 
)1. Scarpellini.-The second observatory in l{ome, that of the Capitol, 
is under the patronage of the Accade'ìJ
ia dei Nuovi Lincei. It is 
l)laced upon tbe sunlmit of the southeast portion of the })alace of tbe 
Capitol, and it is sufficiently removed from the neighborhood of trav':' 
eled streets to l)reserve it from the vibrations caused by carriages, 
etc. The instruments are undisturbed enough to allow of the most 
delicate astronomical observations, such as the detern1Înation of the 
nadir-point and the observation of stars by reflection from tbe surface 
of quicksilver, at all hours of the day. 
The horizon is also entirely free, so that íf the situation allo"'
ed of 
a Inore regular placing of the instruments it might be considered as 
very favorably situated for the making of observaÜons of precision. 
1\1. Respighi is now occupied in observations of solar protuberances, 
and in meridian observations, ,vhich are to serve as a basis for a cata- 
logue of stars. For the first purpose an equatorial 1y 1\lerz, of four 
and a half incbes aperture, and a direct-vision spectroscope with five 
prislns, are employed. 
A beautiful 11leridian-circle by Ertel serves 
l. Respighi for his ob- 
servations of those fixed stars of tbe first six magnitudes, ,vbich are to 
be employed by the Italian staff..officers in their geodetic operations. 
This observatory possesses also a reflex zenith-tube, made by Ertel 
from designs by 1\1. H,espighi himself. It is a sort of transit-instru- 
ment, with an aperture 108 millimetres (4.23 inches), provided ,vith 
an eyepiece which contains three groups of declination-wires. The 
basin of quicksilver, by means of which the reflected stars are observed, 
is 21 metres (68.90 feet) belo\v the objective, ,vhich thus masks hut a 
small portion of the sky. "\Vhen the telescope is directed toward the 
nadir stars very close to the zenith may be observed by the declina- 
tion-wires during their transit; at the same time and ,vithout touch- 
ing the instrument the nadir-may also be observed, so that the zenith- 
distance of each star depends upon the micrometer-screw alone and 
is determined with the great accuracy which this kind of observation 
allows. 
OBSERVATORY OF FLORENCE: Assistant, 11., William Tempel.- 
The old observatory of Florence, formerly presided over by Donati, 
has been dismantled, and a new and magnificent structure is nearly 
huilt at Arcetri, near the house formerly inhabited by Galileo. The 
old observatory is now used for a meteorological station, under charge 
of Prof. Pitti. 
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The new observatory possesses: 1. A Fraunhofer eqouatorial of 
three inches aperture, suitable for a comet-seeker; and, 2. A large 
equatorial by An1Íci, of eleven inches aperture, of excellent quality. 
I
esides this, a snutll nleridian-instrunlent is mounted in the nleridian- 
room. This room will subsequently contain a meridian-circle of seven 
inches aperture, and a transit-instrument somewhat smaller. It is 
propo::;ed to have for tbis observatory a staff composed of 3 director 
and five assistants. 
OBSERVATORY OF BOLOGNA: .Director, 1\1. Palagi.-The observatory 
of the University of Bo]ogna is one of the most ancient in Italy, and, 
like all tbe observatories of the past century, it is placed on the top 
of a high tower, which unfits it for precise observations. In the plan 
proposed for the reorganization of the Ita1ian observatories, this insti- 
tution is to devote its labor to observations of physical astronomy. 
It possesses a meridian-circle, by Ertel, of forty-two lines (3.5 French 
inches) aperture, mounted in 1851, but no\v little used, and also a 
Dollond equatorial of three inches al)erture. Its collection of histori- 
cal instruments is of high interest. 
OBSERVATORY OF l\IoDENA: IJirector, 
I. Ragona.-J\Iodena is an as- 
tronomical city, for in it or near it \yere born Amici, Secchi, Tacchini, 
Ferrari, and other Italian astronomers. The Ducal Obseryatory is, 
like that of Bologna, in a. transition state. It ,vas founded in 1819, by 
Bianchi, and ,vas provided ,vith the best instruments of that tin1e, but 
it now will probably becollle the central meteorological station of tho 
surrounding states. Its meridian-circle is of four inches aperture 
,vith three-feet circles, and was nlade by Fraunhofel' and Reichenbach 
in 1819, but requires sonle changes to bring it up to model'n require- 
ments. Its An1Íci equatorial has t,vo and one-thi.rd inches aperture 
only, and is thus too small for 1110st a::;tronomical purposes. Its col- 
lection of llleteorological and maguetic apparatus is, on the contrary, 
yery con1plete and noteworthy, and ba::; been made, in most cases, 
upon plans furnished l)y :\1. Ragona. 
OnsERv ATORY OF P ADU A: .Director, 
I. Santini; Astrono
ner, )1. 
I..orenzoni.-This observatory dates fron1 1774, ,vhen this city ,,-as 
placed under the protectorate of "\T en ice, and "Then this po,verful re- 
public attractecl the n10st cC'lebrate<1 profC'ssors to its university. It 
is wen situated for observations of precision, a
 tIle numerous cata- 
logues of stars published l)y its celebrat
d director, no,,," tbe oldC'1't 
living a
trononH'r, testify sufficient ]y. The principal instruments of 
the ohservatory are a l!lC'ridian-circlc and an equatorial, 1JOth hy 
Starke-the first of 117 nlÎlIiInetres (4.61 inches) aperture find with 
one-metre (39.37 inches) circlf's; the second ,vith twelve centilHetre
 
(4.74 inches) apf'rtnre and two ll1etres t7S.74 inchf's) focal ll.ngth. 
There is also a spectroscope by I-Ioffmann. The t"ro latter illstrnl11(\lIt::, 
are n
cc1 l)y IJorenzoni for daily oh

rvations of tIle Folar protuh('r- 
ances. The meridian-circle is en1ploy('d 1n ol'sf>rvatiol1s of the SUII, 
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planets, and the principal stars, nna can even observe stars down 
to the tcnth Inagnitnde by m<,ans of a peculiar device for bright 
WIres. 
OnSERVATORY OF :\IILAN: Director, 1\1. Schiaparelli; Ast'J"onorner, 
1\1. Celoria.-The 1tIilan Observatory is one of the most ancient of 
Italy, its foundation in the Brera Palace having been established in 
1760. Among its directors bave been the cclebrated astronomers Bos- 
covich, Orialli, Cesaris, and Carlini. The Ephemeris of }Iilan has long 
been distinguished for its accuracy, and for the lliC1lloirs published in 
connection ,vith it by Oriani, Cesaris, and Schiaparelli. The obser- 
vatory contains two halls, one for the equatorial and one for the me
 
ridian-circle. The equatorial, by.l\Ierz, was mounted in February, 
1875. It has an aperture of 218 nÚllimetres (8.58 inches), and a focal 
length of 3.20 nlctres (125.99 inches), and its objective is of such an 
exceUence that a lnagnifying power of 700 diameters is habitually 
used. It is to be devoted to a reobservation of Struve's double stars. 
The meridian circle is by Starke, and has an aperture of four inC'bes 
and a focal length of five feet. 
OBSERVATORY OF TURIN: .Director, 1\1. Dorna; Assistant, 
I. Char- 
rier.-The present observatory of Turin "was constrncted in 1820, and 
until ] 864 it was under the direction of the illustrious Plana; since 
that time it has formeò }1art of the university, and is under the charge 
of the Professor of Astronomy. Its instruments are: 1. A meridian- 
circle by Reichenbach, with a circle one nletre (39.37 inches) in c1iam- 
eter, and a telescope by Fraunhofer, tw"elve centimetres (4.74 inches) 
in diameter. This excellent instrument is used for observations of the 
sun and stars for the determination of the time, which is giyen to the 
city by means of a time-ball. 2. A comet-seeker of twelve cen- 
tiuletres (4-.74: inches) npertnre and eighty-t\vO centilnetres (32.28 
inches) focal length, lliounted in a snlall dome. 3. 
\ repeating circle, 
by Ertel, used for purposes of instruction. 4. An equatorial of 117 
n1ÏlliInetres (4.61 inches) aperture and 1.82 metres (71.65 inches) 
focus, which ,vill be used by Dr. Charrier for spectroscopic observa- 
tions of the solar protuberances. A larger equatorial is soon to re- 
place this. 


In ternlinating these short note
 I must fonnulate in a few 'vords 
the reflections which my visit to so Inany institutions h
s sugg<,stpc1 
to mp. The simple enumeration of the inst.run1ents would ill suffice 
to judge of thl'ir ilnportance. It is not snffieient that an observatory 
should be provided with nnJllCrOU
 or powerful instrnmentc:;: it i
 fur- 
ther lwccssary that these instrurnents 
houl<1 he at the SerViN} of ac- 
Corll plish('(l :1strononwrs ('a rn('
t in t h(' pur..;nit of their studies, and 
having no OtJH'l" d('",ire than to a('hi(',
e a nallie in sci()llce. In an these 
r('
pect
 the ohserYatorie
 of It:1ly Ip:1Y(, the nlo
t 
:ltisfactory impres- 
sion upon t he ,'i
itor. Thanl'\.
 to I hi
 llni"(T
al :1rr1or, no lllOlnent is 
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lost; and Italian astronomy, w"hich for a tin1c languishcd, is reconquer- 
ing with marvelous rapidity the rank which the labors of Galileo as- 
sured. to it at the beginning of the seventeenth century. 


... 


ON DROPS. 


By A. bI. WORTHINGTON. 


A l\IONG the many ,vays in which electricity is called in to give 
- assistance in various physical investigations, one of the most 
elegant and interesting is the application of the electric spark to 
render momentarily visible a body that is rapidly moving or changing 
its form. The duration of the electric spark is so short-probably 
not more than n-å--oo of a second-that a body, such as a rotating 
wheel or oscillating rod, moving in a dark room with extreme rapidity, 
"TiB, if illumined by an electric spark, seem stationary, since the wheel 
or rod has not time to change its position appreciably during the 
short instant for ,vhich it is visible. If the spark be bright, the im- 
pression is left on the eye long enough for the attention to be directed 
to it, and for a clear idea to be formed of what bas been seen. 
The writer of this article has recently applied this method to 
watching the changes of form in drops of various liquids falling verti- 
cally on a horizontal plate. As usually see
, a drop of water faBing 


.- 


FIG. 1. 


FIG. 2. 


from a height of ten or twelve inches on a smooth solid substance, 
such as glass or wood, seen1S to make an indiscriminate splash. The 
'whole splash takes place so quickly that the eye cannot follow the 
chanO'es of form. the in1 p ression made b y the last part of tbe splash 
ö , 
succeeding that of the first part so quickly as to confuse it. 
A little careful observation, however, shows that the drop passes 
through very definite symmetrical forms, and that a splash is by no 
means an irregular, hap-hazard phenomenon. 
Let the reader let fall a few drops of milk, about! inch in diame- 
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ter, on a smooth dark surface of \vood or paper, froln a height of, say, 
si
 inches (lnilk is better than w'ater, as it is casier to see, especially 
on a dark ground); he ,vill observe that the liquid Inake
 a blot with 
a 1l10re or less regular undulated edge, but the splash i
 too quick to 
follo\v ,vith the eye. 
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FIG. 3. 


Let him now substitute a drop of mercury for tbe milk. By watch- 
ing the splash very intently he ,vill be able to catch a glimpse of the 
mercury spread out in the sYlnmetrical, star-like form of e, Fig. 9. 
After the drop has been thus spread out it recovers its globular 
form, since the mercury does not wet the l)late. On increasing the 
height of faU a few inches, it will be noticed that small drops split 
off in a more or less complete circle, and are left lying on the plate, 
while the rest of the drop gathers itself together in the middle of the 
circle. 
The chief reason why these appéarances could not be seen with 
milk is, that the milk ,vets the glass or wood and sticks to it, ".hile 
the mercury does not. But by smoking a slip of glass or card tolera- 
bly thickly in the flame of a candle, we get a finely-divided surface of 
lalnpblack to which the milk does not adhere any nlore than the mel'- 
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FIG. 4. 


cury, and by very c
reful ,vatching ,ve Inay notice that the same 
radial star is formed 1>y the n1Ïlk, but it is much lllore difficult to 
catch sight of than the nlercury-star. But if the mark on the lamp- 
black be exan1Ïned after the drop of n1Ïlk or nlercury has rolled ::nvay, 
it ,vill be founù to consist of dclic:1tc concentric riuO's with numbcr- 
;:, 


VOL. xI.-35 
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less fine radial striæ where the smoke has been swcpt :nvay. These 
may be seen very "yell by holding the glass plate up to the light if it 
has not been too thickly smoked. 
The Jnarks thus Jnade are very beautiful and symmetrical, and it 
will be fount!, if the gla
s he uniformly smoked, that the same-sized 
drops of the sallIe liquid falling froll1 the same height will produce 
almost exactly similar marks: ,vhile if the height be changed the 
mark on the lampblack will be SOlllcwhat changed; and it i8 a fair 
inference, if each drop nutkes ahllost exactly the same complicated, 
symmetrical mark, that the bplash of each drop takes place in almost 
exactly the same "
ay. 
The glimpse that may he caught of the drop in the way described 
is obtained ,,-hen the drop is really almost stationary, having flat- 
tened itself out on the plate, and being on the point of contracting 
again to its original form. 
'rhat a drop if so flattened out will recover itself, is seen on press- 
ing do,vn a drop of mercury with the finger, or a drop of ,vater ,vith 
a piece of black-lead or other substance to which it does not adhere. 
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FIG. 5. 


FIG. 6. 


On ren10ving tbe pressure the drop springs back to its old form; the 
force which causes this being exerted by the curved surface of the 
liquid at the edge of the flattened drop, on the liquid within. The 
flatter the drop becomes the greater is the curvature of the edge, and 
the greater the corresponding pressure tending to re,store it to its 
original globular form. The extent to which a drop that has fallen 
on a plate ,vill spread out depends on the velocity ,vith which it strikes 
the plate, i. e., on the height of fall; so that as long as the drop returns 
to thp globular form the whole phenomenon of the splash may be re- 
garded as an oscillation similar to that of a pendulum; the yelocity of 
the liquid outward being checked, overcome, and finally reversed by 
the ever-increasing pressure of the curved cage, just as a pendulunl 
has its velocity checked, overcome, and finally rever
ed, by the action 
of gravity. 
It is o
ly when the height of fall is very great that t11e liquid flies 
off in all directions and the splash ceases to be an oscillation; this 
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case corresponds to that of a simple pendulum started ,vith a. blo\v so 
violent as to break the string. 
nut the liquid star and the complicated pattern on the smoked 
gla
s show that the 
plash is not a f'imple spreading out of the drop 
equall y in all directions, to return again. 


.\ 


FIG. 7. 


FIG. 8. 


In order to observe the form of the drop at any given instant dur- 
ing the splash, it is necessary to make use of the electric spark, and to 
take advantage of the fact that drops of the same size falling from 
the same height will all behave in tbe same ,yay. 
It ,vill be necessary to let a drop, say of Jl1ercury, fall on a plate 
in comparative darkness, and to produce a strong spark at the instant 
the bottom of the drop comes in contact with the plate, and so illumine 
it; the observer will then see the drop in the forBl it has at that In- 
stant. 
A second drop must be let fall in the same .way, and be illumined 
by the spark not at the first 1l10ment of contact, but a shade later, s
y 
f-h second later, ,vhen the drop will have spread itself out slightly on 
the plate; and similarly w.e must illuminate a third drop a shad{1 later 
than the second, and so on. The observer can, after a little practice, 
draw from memory on each occasion the drop in the forn1 in which he 
has seen it. It 'will be seen that the process consists in isolating con- 
secutive phases of the splash from those that precede and follow, and 
\vhich take place in darkness, and so do not confuse what has been 
seen as they would do in continuous daylight. 
The device adopted by the writer for so timing the appearance of 
the spark as to illunlÍne tIle òrop at any desired phase of the splash 
consisted es
entially in breaking the current of an electro-magnet at 
the instant the drop began to fall; the magnet, thus ceasing to act, 
relea
es a spring which immediately begins to pull the terminal ,vire 
of a strong electric currcnt out of the other terlninal, ,vhich is a cnp 
of Illercury, and the strength of the spring and the depth of imnlersion 
of the ,vire in tile mercury arc so adjusted that the wire leaves the 
surface of the mercury, and the required 
park is produced at the 
instant the drop readIes the plate. 
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For the next drop the spark is nutde to appeal' a shade later, either 
by slackening the spring or increasing the depth to which the tel'lninal 
wire is immersed in the mercury. 
The accompanying figures havp been dra"wn in the ,vay descrihed, 
and show the behavior of a drop of mercnry about t inch in diameter, 
falling from a height of about three inches on to a glass plate. Each 
figure represents a rather later stage of the splash than the prl'ce(ling. 
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FIG' 9, 


Fig. 9 was dra"rn froln the final stagps of a n1Ïlk-drop! inch in 
diameter, falling four inclJes on to Sll10k('d glass; but th
 forms arc 
almost identical with those of mercury. Of these d and h are vertical 
central sections of the middle part of the drop, while e alld f are alter- 
native forms of band c. 
Froln the ends of t he rays of Fig. 4, usually twenty-four in nnnl- 
bel', s111all drops often split off. These are not s})own in the figure. 
One of the most curious features of the phenomenon iH the transition 
from twenty-four rays to twelve arms, sho\vn in Fig. 5. The l)eauty 
of many of the fOrlus, especially of the ridged, shell-like foj'm ShO"Tll in' 
Fig. 4, "Then composed of shining quicksilyer apparently rigidly fixed, 
is very striking. 'T ery similar fOrIr
s are obtained with n1ill\., but., 
whether with n1ilk or lnercury, arc liable to occasional yariations. 
For a lnore detailed account the reader is referred to t.he "Proceed- 
ings of the Royal Society," Nos. 174 and 177, 1876-'77.-Nature. 
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CT\TILIZ...\.TIOK AKD 
IORALS. 


By J. N. L
\RXED. 


I N bringing these t,vo s
bjec.t-matt.ers of thought into conjunction 
with one another, I wIsh, If possIble, to set them clear of an con- 
troversy at the outset. No attempt at a definition for either can 
escape dispute; but a merely indicative statement may be made in 
each case that will give form enough to the conception without touch- 
iug 'any point of question in it. If I should say, for example, with 

Il'. EIUCl'SOn, that civilization is "a certain degree of progress from 
the rudest state in which man is found," I should provoke the disputes 
that are rife as to what is and what is not" progress" for the human 
race. But I may safely say t,hat civilization is a certain cUllnllative 
succession of nlodifications or changes in the state and character of 
lnen-which indicates the conception quite di::;tinctly enough, and 
excludes every l11atter of debate. In like manner I may avoid the 
disputations of the ethical schools, and yet set out a notion of Illorals 
that. will serve every present purpose of thinking, if I say that liloral 
philosophy has for its subject hltn
an conduct, considered "Tith refer- 
ence to whatever absolute qualities Illay be found in it. It Inight 
seem, on the first thought, that this statement assumes the very thing 
that is in question between those ,vho contend for the absoluteness 
ana those who contend for the relativity of our ideas of right and 
wrong, But it is not so. The dispute of the moralists ha.s reference, 
not to any characteristic of the qualities in conduct which ,ve cognize 
as mr)1"al, but to the nlode in which they are cognized. Our concep- 
tion of such qualities involves the conception of absoluteness in theIn, 
and it is only by that notion of absoluteness that they are distin- 
guished from the other qualities which appear in hun
:ln conduct, such 
as ,visdoIH, prudence, ingenuity, and thp like. 'The imperative" ought," 
w"hich puts its mark upon what is nloral, in distinction from "That is 
prudent or expeL1ient, is just as autocratic in the doctrine of the utili- 
tarian as in that of the intuitionist. The former, as 1\11". Sidg,vick has 
pointed out in his admirable analysis of "The 
rethods of Ethics," 
can only hold that the moral rules of conduct are means relative to an 
eud (greatest happiness) by holding that the end itself is prescribed 
absolutely, and f:!ll[fht to be pursued. But absoluteness of end inyolves 
absoluteness of Inean
, since Ineans and end arc inseparable-so far 
as lllllnan kno,,
ledge goes-and cannot be conceh.cd of apart. lIenee 
the qualities in conduct which the utilitarian finds essential to the 
attaining of the Ohjéct that represent
 " duty" to llÌIn are just as ahso- 
lute in his vic\v as in the view of the intuitive nloralist, ,vho admits 
nothing ohjective in hi::; notion of "duty." In ,vhat I have to say, 
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therefore, of that kind of quality in hunutn conduct which we call 
"lnoral," I shall distinguish it only by its absolilteness. 


E\
ery act in the conduct of a hnnuul being is incident to some 
one or l110re of the yaried relationships hy ,,,hich his state of being is 
conditioned. Fundamentally, there are four groups of such relation- 
ships, subject to which every act of lnan is perfornled: 1. His rela- 
tionships to inanimate 
 ature, or to the nlatter, the forces, and the 
routine processes, of his physical environment; 2. His relationships to 
the living creatures with which he is associated in existence, that are 
not of his o"Tn kind; 3. The relationships that exi
t ,vithin hiInseIf, 
bet,veen the manifold parts of his own being; bet,veen that, for exam- 
ple, which is animal on one side and that which is 1110re than animal 
on the other; 4. The relationships that exist between hinlself and his 
human fell 0 ws. 
It n1Íght be expected, })crhaps, that I should add a fifth relation- 
ship-that of man to the supreme source of being and of la,y in the 
uniyerse; but this lies at the outside of what ,ye are no\\r investigat- 
ing. It is a relationship to which nothing in human conduct can be 
incident primarily, however powerful an influence upon conduct may 
be referred to it secondarily. The enlotions of religion, induced hy a 
conscious relationship of responsibility to SOllle supreme, divinp gOY- 
ernment in the universe, give a color of their own, it is true, to the 
quality of human acts, but they do not assume to in1part that quality 
nor to change it. PrÏ1narily, they have nothing to do with it-it is 
deterlnined independently of thenl-and R,eligion has to do with the 
quality of hunlan actions 'only by adopting the colder consciousne
s 
on ,vhich 1\lorality is founded, and suffusing it ,vith th
 :warn1th of 
reverential and impassioned motives. 
Of the four groups of relationships to ,yhich all conduct is incident, 
the one first named does not fall ,vithin the region of morals, and 
the second only touches upon the borders of it. ""'lthout entering 
into the reasons of the fact, it may be seen that the kind of quality ".e 
are looking for in bUlllan actions cannot exist 'where the act is entirely 
conditioned by })urely physical laws, as in the case of a m
n's dealing 
,vith the inaniluate world. As he stands related to brute creatures, 
however, one new factor is introduced, which is that of sentiency, on 
tbe opposite side of the relationship,- as well as on the side of the 
human actor, and we find in the conduct incident to this a single 
quality ,vhich we recognize as of absolute existence-inhering in 
the very nature of the act to ".hich it pertains. For the positi\T(' 
phase of this quality, which is not exactly kindness and not exactly 
mercifulne
s, no nanle seeins to have ever been adopted. In its nega- 
tive phase we call it cruelty, and it appears to be, 
nHong IHornl traits, 
the primary one. 
In the third gronp of relationships, enlbracing those which arl' 
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intrinsic in man (as between his ruling faculties and the organs which 
they rule, or between his reason and his will, on the one hand, and his 
affections, appetites, and senses, on the other), the field of lnoral inves- 
tigation enlarges, but is still limited. Thcn
 seelll to Le two forms 
in which the ahsoluteness of quality that we are searching after in 
human conduct is found appertaining to these intrinsic relationships. 
"T e have it, I think, in the qualities that we call truthfulness and 
courage, and I do not perceive it in any others ,vithin this category, 
except such as are no U10re than modifications and combinations of 
these, with their opposites. I cannot now go beyond this mere state- 
ment of a conclusion, unless it be to suggest tbat such distinguishable 
moral qualities as patience, fortitude, resignation.. and so on, are modi- 
fications of the radical quality of courage; while another order of 
qualities, like temperance, chastity, and sincerity, have their root in 
truthfulness, or integrity, wbich may be the better name. Out of 
these two radicals there may be derived, I think, by combination and 
modification, aU the qualities which I should classify as the moral 
qualities of the IJersonal order. 
The final set of relationships to be investigated is that 'which 
exists between the individual man and his feHow-men; and here the 
field of moral study opens to its widest dimensions. These social 
relationships are varied, numerous, and highly complicated by inter- 
mixture. It might l)e supposed that we should have to divide them 
int9 two principal groups, embracing-I. Such relations as exist be- 
tween man and man individually; and, 2. Such relations as exist 
between the individual man and his fellow's at large, in the united 
body which 've call society; but it will. be found that a man's relations 
to society are only the sum of his relations to the several 111en1bers of 
it, and that society, in fact, is nothing more to him than a congrega- 
tion of the persons between whom and himself he comes to recognize 
that there are relations of human fello,,'ship existing. Nothing new', 
as a true factor in morals, is introduced by social org3nization-not 
-even by the institution of government; because that is a mere ar- 
rangement for defining (sometin1es arbitrarily and incorrectl)") the re- 
lations between individuals. These relations between individuals, 
then, are what we have to examine, and they seem to divide them- 
selves as follows: 
1. The relationship in which one man stands toward another silnply 
as a living creature. This is identical with the relation existing be- 
tween man and brute animals, in the conduct incident to which W
 
discovered no moral quality except that of cruelty and its unnamed 
opposite; and we need not go far in human history to find social states 
and cirCllInstances in which no other relationship than this is often 
recognizable between men, and uniIer w)Üch 110 other llloral quality 
can often exist in the conduct that is incident to it. 
2. The relationships which one Inall sustains to another as a human 
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fellow. These latter are partly direct and partly indirect or second- 
ary relations. 
Tbe. direct relationships in this case are those of a man to the con- 
crete person of his human fellow. These direct relationships are sim- 
ple and not very l1unlerous, in fact, although they assume countless 
variations of circumstance and form. Some of th
1U are special, like 
the relations that exist between parent and child and between hus- 
band and wife; some of them are limited, like the }'elations that exist 
between the sexes; and some of them are comnlon and universat. In 
the conduct which is incident to these relationships there bas seemed 
to be a great variety of distinguishable qualities of the absolute sort, 
and ,ve haye a lengthy catalogue of names in the nomenclature of 
morals to represent them; but I am disposed to believe that, after all, 
there are only two radical qualities (with their opposites) to be found 
in this sphere of hUlnan conduct. These are benevolence and justice. 
.A.11 the rest, w"hich appear upon the surface as distinguishable moral 
qualities, I conclude to be either yariatiol1s of these in degree and by 
circumstance, or else the resultant of some blending of them with the 
mor31 qualities of the other order. Such blending is necessarily in- 
cessant, because the relationships under ,vhich Illan is acting are al- 
ways mixed. 
Ir. Leckyhas given the name of the" amiable virtues" 
to a considerable group of these Illoral qualities, such as charity, gen- 
erosity, magnanÌ1nity, Inercifulness or clemency, kindness, and so on
 
everyone of which ,vonId seem to have its root in benevolence, or in 
benevolence and justice combined, and to be Inerely circumstantial 
modifications of the san1e èssential quality. Then we have, appertain- 
ing to this relationship, sllch qualities as fidelity and honor-if the 
t,vo are really distinguishable-and both of these are clearly produced 
by an intermixture of the a11solnte personal quality öf truthfulness 
with the absolute social quality of justice. 'Vbatever else there may 
be of distinguishable moral qualities appearing to bc incident to the 
direct relations of human fellowship, I am sure that they will be found 
reducible to the t,yO radicals of benevolence and justice, or to their 
combination with those other radicals-courage and truthfulness- 
which we found to have an intrinsic source in the constitution of man, 
as qualitative factors in human conduct. 
The indirect or secondary relations that exist between man and 
lllan as human fellows are those which extend to something additional 
to the person-to things, that is, ,vhich have become recognizably 
identified with the person. In these relationships the whole notion of 
" prop'erty" is involved. The idea of "property'" is the idea of a 
special relation existing bet'ween a certain n13n and certain things, in 
recognizing ,vhich we necessarily recognize-I. That our own relations 
to those things are nlodified by it; and, 2. That it introduces a nc,v set 
of relations between ourselves and the man, which are indirect, be- 
cause the things in question are intermediate in theIne Not only tan- 
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gible but intangible thing8 become thus associated with the person- 
ality of our fello\v-man, and give ri
e to these indirect relationships. 
His opinions and. beliefs, his friendship
 and his reputation, the oLje'Cts 
of his affections, the franchises that he acquires under the artificial 
institutions of society, are all ex:uuples of the intangible things which 
become intervening subjects and objects ill many of the relationships 
that a man sustains to"ward his fellow-lHen. The indirectness of the 
relationships thus created is productive of great conlplexity in them, 
ana gi\yes rise to nUlCh confusion of nloraÍ notions with reference to 
the conduct that is incident to thenl. Out of all the. complications 
that arise, ho\vever, there i8 not one distinctly ne\v quality evolved. 
'Ve di5tinguish in this region of conduct such absolute characteristics 
as those of honesty (under many nanles) and tolerance, but they are 
all of the composite class, and have their root, for the most part, in 
justice and truthfulness intermingled, with bene\yolence sometimes 
imparting its amiable tone to them. 
As the result of our survey, then, "\ve have dis;covered but four ab- 
solute qualities in human conduct that are simple and radical, \vhile 
we have traced a very few of the numerous qualities that are com- 
p08ite, or derived, to the relationships out of "\vhich they arise. 'Ve 
have: 
Of radical qualities of the personal order-courage and truthful- 
ness. 
Of radical qualities of the social order-benevolence and justice. 
Of derived and cOlnposite qualities of the personal order-temper- 
ance, chastity, fortitucle, patience, etc., ,vith their opposites. 
Of derived and conl posite qualities of the social order - two 
classes, viz. : 
1. Incident to direct social relationships: charity, generosity, mag- 
nanilnity, mercifulness, kindness, fidelity, patriotism, etc., .with their 
n13,ny-n
tlned opposites. 
2. Incident to indirect social relationships: honesty in all its forms, 
and with all its opposite
, which are numerous in the nomenclature of 
l11orals. 
IIaving acquired, so far as this, a partly d0finite notion of morals, 
we Inay no\v return to take up the conception of civilization, and bring 
the two sets of ideas into conjunction. 
I did not venture to say of civilization that it is " a certain dpgree 
f ". h 
o progress In testate of man, because there are those .who deny 
that the cunlulatÏ\Te succe,;sion of chancres in man and societ y which 

 , , 
appear in the proc('
s called civilization, fire, on the ","hole, progressive 
change
. Their denial, rnoreo"er, has reference entirely to the moral 
features of the proces
. They do not question the fact that human 
history, in the civilize<l cOlnmun
tie:-:, is a history of intellectual de- 
yelopment and ad\'anccn1ent. They <:ollC'ede the largest claims that 
can be 111ade as to the gro\vth of kllo,vledge anlong men; as to the 



554 THE POPUL.AR SCIE.J.VCE MO.LVTHLJ-, 


growth of capacit.y in them for the knowledge of knowable things; 
anù as to the gro,vth of power in them to control the material condi- 
tions. of their existence, '\vithin such limits as are set by physical la"
. 
They do not belittle the modern triumphs of the race in commerce, 
science, art, invention, and organization. But they look upon all this 
as an evil, delusiye, yainglorious sho\v-a devil's '\vork of tinsel and 
veneer-a bubble-blo,vn fabric, quite empty of the substance of eternal 
things. They insist that there has been no moral growth in hUlnan 
nature, a
 a whole, to accompany the evolution of rational faculties 
and })o" ers; antI that, while human conduct has been gathering it
 
})otent gains of l)rudence, ingenuity, skillfulness, and the lik
-which 
are qualities relative to Ineans and ends-it has gained, on the whole, 
in the absolute qualities of rightness and goodness, eitber nothing at 
all or less. 
This denial of moral progress, as a general fact, is Inade, however, 
with some necessary qualifications. There are certain moral fruits so 
conspicuous in the history of civilization, tbat no pessimist can dis- 
pute them. That the long, slow movements in society, which have 
been tending, 'with steady purpose and sure result, to establish order 
and the reign of equalla'\vs; to extinguish slavery; to break oppres- 
sion of every form; to. mitigate the barbarities of "
ar, ,and to put re- 
straints upon it; to diminish human suffering; to l}elp the unfortu- 
nate, and to lift the debased; to cultivate the cosmopolitan sentinH
nt 
and the. spirit of coöperation among men-that the movements whicl) 
bear this ripening fruitage are moral movements, it is impossible to 
deny. However the sullen pessimist may disparage thenl, as senti- 
mental and superficial" the In oral quality in them is unmistakable. 
lIe yields, therefore, to the evidence of a moral growth of hunlan 
character in the
e amiable directions, but he contends that it is all 
Rwry, and more deforming than otherwise in the result. He points to 
the other sides of the historical exhibition of humanity, and asks us 
what ,ve can find to please us in the total showing. Is there lesf( 
hypocrisy among men, he den1ands to know, than there was twenty 
centuries ago? Is there less chicanery, less duplicity, less grasping 
greed and selfish meanness?' Is tl)ere less rapacity, in fact, after all 
th
 rude yiolence that you 11ave subdued by softer manners is taken 
out? Is there less rnthl('ssness in the pursuit of ambitious or aV3ri- 
cious enas? Has any nohler type of character been fashioned by all 
your schools and in
titutions than the type of Socrates and Plato? 
Is your democratic Yankee, '\yith his newspaper, his caucus, his party 
"platform," and Ilis l)atent ballot-box, a more adnlirable patriot than 
the grim repub1ican of old Rome? Is your modern luechanic, with 
his cunnin a tools and his marvelous engines , a J110re }1oncst workman 
ö . 
than the patient cathedral-builders of the miùdle ages? J s your 
modern merchant, with his 
tean1 carriers, his electric nu::.;scngcrs, anù 
his bills of credit, a 1110re scrupulous f;peculator than the camel-ùriv- 
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ing trader of old, who fetched antI carried het\veen Babylon and Tyre"! 
Such question
 as these are not easy to answer, and very fe,v persons 
,,
ill 1e willing to Illeet then1 \vith affirmations, in any positiye and 
unqualified way. ' 
"T e are brought, then, face to face \vith the fact that there are cer- 
tain directions in "rhich the process of ciyilizatioll appears to be luuch 
more certainly a process of Illoral development, as evinced in human 
conduct and character, than it does in others; certain particulars of 
conduct, that is, in "rhich the fact of moral progress is undeniable, 
and certain others in which, at least, it is open to doubt. K O'V, this 
is a
suredly a fact of great significance. For the inference is plain 
that, if the progress of the race in intellectual culture and in social 
organization is attenòed with a certain moral developnlent in 
Olne 
particulars of conduct more distinctly than in others, there n1u
t he 
reasons for this difference, and most likely they "rill Lc found in S0111e 
bearing which the one process of culture has upon the other. It is to 
pursue this suggestion a little that I h:nTe taken the subject up. 
The momènt we pause to reflect upon the difference in question, 
one fact concerning it arrests attention. It is this: that the particu- 
lars of conduct in 'which the moral advanceluent of the human race is 
most oùvious and indisputable are exactly and entirely those which 
we have seen to be incident to the direet relations of human fello,v- 
ship, and that the qualities developed are entirely those which apper- 
tain.to that relationship, haying their root in benevolence and justice 
ulone. On the one hand, charitie
, friendships, institutions of kindly 
helpfulness, and all generous, gentle amenities of social intercourse; 
on the other hand, charters, ordinances, constitutions-defined eq ui- 
ties and broad determinations of personal rights: these are plainly 
the greater moral fruits of civilization ,vhich show signs of approach 
to ripening, as yet, and they all lie ,vithin the domain of those direct 
relationships "rhich exist between nlan and Ulan as lnunan fello,ys, and 
'which connect themselves with nothing else. 
This fact leads us quickly to the recognition of a second one, "Thich 
becomes ju::;t as plain on exaluination-nalnely, that the particular
 
of conduct in which the moral advancement of mankind appear
 mo
t 
questionable are exactly and entirely those ,vhich ,ye haye seen to be 
incident to the indirect relations of human fello,yship; to the relations, 
that is, ,vhich invohTe some interluediatc thing, through "Thich the 
line of relationship to our fello,v is drawn. Thcse take in. as has becn 
said, all the relationships in ,vhich "property" is concerned, elu- 
bracing the ,vhole organization of tradc and of labor under hire; and 
they also take in a great part of the political relationshi})
 that arise 
out of the institutions of go\'ernnwnt. N O'y it i
 undeniably in thesc 

 , .. 
s})heres of conJuct that the 11101':11 ('ftl}ct
 of civilization present the 
most disconrag-ing appearanC'c. .A,rc Incn as hone
t in ,york and trade 
as they were in 1110re prin1Ïtiyc times? Is there not more trickish- 
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ness, Inore cheating, more fraud, more overreaching, more adultera- 
tion, Dlore sham, Blore outside pretension and inside falsity? Are 
they as true in political action to the state in ,vhich they have united 
and incorporated themselves? Is there as much genuine patriotisnl? 
I
 there not more political corruption andlleglect of political duty? 
These are certainly the questions which stagger the optimist most. 
Here, then, we discoyer that the particulars of conduct between 
,yhich the widest difference of progress in moral culture appears are 
precisely those that ,ve have already separated by one of the broad 
differences that were found ,vhen ,,
e classified the relations to ,vhich 
human conduct is incident. It is natural to conjecture that the one 
difference may connect itself with the other. It becomes still more 
natural when ,ve perceive that the characteristic difference which clis- 
tinguishes the two sets of relationships in question has been ,videned 
1y the process of civilization. On one side, the direct, prinlary rela- 
tions that exist bet,veen nlen, in their purely personal attitude toward 
one another, have been steadily pressed into greater intimacy and 
closeness, at every step of advance ,vhich has been 111ade in the difth- 
")ioll of kno,vledge and in the social organization of the race, w]lile 
they have been more and more generalized in the same operation. 
On the other side, as the industrial, commf'rcial, and political mechan- 
iSln of society has acquired more complexity and greater extension, 
the indi1'ect or secondary relations, which involve the fact of }Jroperty, 
etc., have been all the tinle undergoing variation and multiplication, 
and have been shaped into forms of greater renloteness, as between 
the persons and the things that are concerned together in them. The 
effect in tbe one case has been to set out the relationships in question 
more clearly, to define them more distinctly, and to render them more 
easily recognizable as they ,viden; and it is within the sphere of this 
effect that we have the progress of moral culture most marked. In 
the other case the effect has been to obscure most of the relationships 
in question, and to render the clear perception of them more difficult 
as they lengthen out; and it is within the range of this effect that we 
find most doubtful evidences of moral gro,vth in the process of civili- 
zation. 
From tbis I shall now venture a generalization, to see whether it 
\vill be justified by further scrutiny of the moral history of mankind, 
ana I offer it in the following propositions: 
1. That moral notions or notions of riO'htness in conduct , are 
, ö 
formC'cl in the mind by the perception of certain relations to which 
human conduct is incident; that they are exactly akin in nature, 
therefore, to mathematical notions, and have their genesis in the 
operation of the same faculties; that there is no more need, in conse- 
quence, of a special ,
 moral sense" to account for theln than there is 
need of a di!-itinct mat hematic:lI sense to flccount for the perceptions 
and reasoning processes of arithmetic and geometry. 
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2. That "rightncss" in conduct is just as absolute a quality as 
" straightness " in mathenlatical lines (from which it takes its nan1e), 
and can no rnore depend for its cxistence upon the" utility" that if'> 
found in it, or upon its coincidence .with the experience of happinef;
 
an10ng InC'n, than the existence of the quality of straightness in 1nathe- 
matical lines can depend upon the utility with which it serves the 
architect and the engineer, and coincides with the necessities of 1ne- 
chanical art. 
3. 'That our moral notions of right and ,vrong, ,vith reference to 
each particular of conduct, are distinct and cornplete in exact propor- 
tion to the clearness and fullne
s of our perception or the relations. 
which that particular of conduct appertain::; to; that their influellcl' 
in the guiding of our conduct depends upon tbe distinctnc
s 'with 
which they havc thus been formed; but that our obedience to the 
guidancc they offer depends upon sometbing clse, ,vhich we shall 
have to investigate hereafter. 
Let me illustrate these propositions as briefly. as possible: 
It seems to be historically certain that man's cognition of the 
alter ego, or other "self," "Tith ,vhich he finds himself associated in 
existence at every turn, is slo"yly acquired at the beginning of it, and 
that his conception of that other" self" (or fellow-man) is' formed 
gradually by tbe projection upon it of ideas tbat have grown in his o,vn 
self-consciousness. There are social states still existing, as I hayc said, 
in which one nlan's cognition of another seems to be very slightly 
different from his cognition of brute creatures, and we may take these 
to represent one of thf\ primitive stages of hUlllan developnlent. But 
progress occurred ill the evolution of consciousness, until the attri- 
butes of the subjective "self," which it bäd cognized first, beCall1e 
more or less perfectly projected upon an objective "self," and one 
man recognized. in another a repetition of the saBle fact of existence 
which he found in his own being; in other words, he arrived at the 
recognition, more or less perfectly, of a human fenow. ,At this btage 
moral notions and sentiments had their beginning, exactly as mathe- 
matical notions began whell two external objects were distinguished 
fronl one anotlwr, and yet cognized together as tw.o instead of onc. 
There would follow sOlne perception of a relation hetween this con- 
scious " self" and that other cognized" self," aud it ,vonid be pcr- 
ceived as tIle definition of a rule of conduct het,veen theIn, just as surely 
as there follow"ed in the other ca:-:e a perception of the relation in p0
i- 
tion that exists bet'ween. one object and another, and whieh ('on<1ition
 
cvery act that involves the two. In both in
tances the fllndaluent:11 
idea generated by the perception 111USt be the idea of a line-a" line 
of conduct" in the first, a "line of motion" or a "line of po
ition " 
in the 
econd-and the quality of " rightness" which attaches to the 
conception of the one is iJÛlltic:1l in kind with the quality of" straight- 
ness " that attaches to the other. 
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The golden rule of conduct, "Do unto others as ye would that 
they should do unto you," is strictly analogous to a matbenlatieal 
aefi
ition; or, rather, it is the translation of such a definition into the 
language of n10rals. It is not only the formula of an equation, but it 
is precisely equivalent to the definition that ,ve give of a right line 
when we say that only one such line can be drawn between two 
giyen points, anù that to attempt to project another in reverse direc- 
tion is only to repeat the first. It sinlply states the recognition of a 
corresponding fact-nan1cly, that the line of right conduct projected 
from lilY" self" to another" self," ,vhich I have cognized, is such that 
no different line can be projected froln that other 
elf to me. ''''"hat 
the line of right as projected to 111e fronl DlY fellow is, I 
un taught 
by my consciousness of the demands that exist in D1Y own being. 
In this way men first acquired, perhaps, the notions of right ,yhich" 
produced a certain imperfect respect for life and liberty anlong- them, 
aud also a certain respect for property, according to the primitive 
idea of property, w'hich was a narrow one. But, of course, these 
notions were restricted to the small social range within ,vhich the re- 
lations of human fellowship had become even indistinctly recognized. 
How limited that range was at the beginning, it is impossible to say; 
.but our earliest knowledge of the human race finds it everywhere 
bounded by associations of kinship. The patriarchal family" tbe clan, 
the gens, the tribe, seem to have always, at a certain stage in the 
de\'elopment of humanity, circumscribed for each man his recognition 
of other men as hUlnan fellows, and bis l}erception of tbe relations 
"Thich he sustains to them as such. "Tithin that close circle of recog- 
nized relationships, however, we can :find in the prin1Ïtive states of 
society almost as perfect a determination of moral rights and obliga- 
tions, so far as many particulars of conduct are concenled, as we find 
in the civilized communities of the present day. 'Ve know that, 
among the Indian savages of our o,vn time, theft and nlurder within 
the membership of a tribe are condemned as distinctly, ahnost, as . 
they are among ourselves; but as bet,veen tribe and tribe, or between 
Indian and ,vbite man, neither killing nor stealing connects itself with 
any apparent sense of wrong. The fact seems to have been the same 
in aU the earlier tribal forms of society, and when the succeedilig 
form was reached, i.n the organization of the political state, the larger 
boundaries of that social corporation still circun1scribe"cl the nloral 
notions of its citizens just as rigorously. 
In the ancient Gentoo laws of India, ,vhich show admirable no- 
tions of honesty as between the subjects of thé law
, ,ye find pre- 
scriptions for dividing the booty of robbers who had plundered any 
contiguous but alien people. "If any thieves," says the ordinance, 
"by the commana of the magistrate, an(l ,vith his assistance, have 
committed depredations upon and brought booty fronl anotho. prov- 
ince, the magistrate shall receive a share of one-sixth of the whole," etc. 
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In ancient Greece, even at the golden prime of that splendid nar- 
row eulture which exhibited itself so incomparably in art, in literature, 
and in civic virtue, the moral rules ,vhich concern liberty and life, and 
the ::;iInpler of the n10ral rules ,vhich concern rights of property, were 
defined very perfectly as between the fellow-citizens of each state, anù 
between the kindred states, Lut very irnperfectly beyond that strict 
linlÍt of familiar assocÏation. The stranger, the alien, the enslaved 
captive, the barbarian of the non-IIellenic 'world, were not hUn1311 
fcllo,,
s to the Greek; at the most they ,vere only human creatures ûf 
some different variety, having that similitude and approaching SOIne- 
wha1 to that relation, but quite excluded from his cognition of fello,v- 
ship by all the habits of his feeling and his thought. .A.ccording to 
his perception, they were clearly proper subject::; of predatory ,varfarc 
and piracy; he could kill them, plunder them, cnslave them, with uo 
more compunction of conscience than the lnodern hunter feels ill ca pt- 
uring or killing the game-animals of the forest. And yet the same 
conscience was acting in the Greek that acts in men to-day; but only 
with n10re narrowness of range in the perceptions upon ,vhich it acted. 
\Ve .shall have to pass far beyond the Greek in history to find much 
of a moral change in these respects. The Englishulan of the Eliza- 
bethan age was a tolerably cultured man, as ,veIl morally as other- 
wise. So far as his fellow-Ellglishn1en were concerned, he had notions 
of right conduct that ,vere quite accurately formed. But he found it 
hard to carry n1any of these notions beyond the shore-bounds of his 
little island. The sea in that time--not only the Spanish l\Iain, but 
the English Channel, and the very Than1es itself-was swarming with 
English pirates and buccaneers, who were the conteInporaries of Shake- 
speare, and Bacon, and Spenser, and Coke; ,vho boasted the best 
names of the English gentry in their ranks; who received more than 
half countenance from the public sentiment and the public policy of 
the English nation; and ,vho pillaged Spanish, French, and Flemish 
traders ,vith serene in1 partiality, killing captains and cre'ws ,vithout 
1'eII10rSe ,,"'hen it suited their convenience to kill. In fact, 
Ir. Fronde 
tells us that the well-encouraged piracy of the sixteenth century 'vas 
" the very source and seeù-vessel " of the future naval power of Eng- 
land. 
This insulation of moral-ideas, which established one code of con- 
duct for fellow-citizens and another for foreigners, one code for 
neigh bors anù another for strangers, characterized every peoplo until 
recent times; but it has been disappearing rapidly aInong all the fore- 
Inost races since the modern growth of universal COlnInercc began. 
There is no Inistaking the reason ,vhy. In the footsteps of commerce, 
e\Tcry kina of communication and intercourse betw"een men has closely 
fonowed, like the tlJread
 behind a ,,"'cay-cr's shuttle. By travel, by 
migration, by correspondence-through tbc post, the ne,,"'spaper, and 
the telegraph-men are fetched nowadays from the farthest corners 
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of the earth into acquaintance with onf' another. For the civilized 
luan of our time, most of the "Torld has become a neighborhood. I-Ie 
interests himself in the life and doings of another hen1Ïsphere nn1('h 
as he does in the affairs of his o,yn to"Tn. lIe cannot help losing the 
sense of strangeness and of remoteness in his cognition of other Incll, 
eyen though they inhabit the antipodes. He cannot resist the in- 
fluence of the association into ,,
hich he is thrown \vith all men, oi all 
nations, races, classes, and creeds, and he necessarily extends to then1, 
Dlore and Inore in comnlon, bis recognition of huí:nan fellowship. In 
other words, he generalizes more and I110re his notions of oight con- 
duct toward l11ell, because his clear perception of those relations of 
fellow
hip upon ,vhich such notions are 1)ased has become a general 
instead of a partial one. This accounts for the ,vhole JUllnane 1l10ye- 
Dlent of l110dern tinles toward democracy, to.ward the breaking of 
caste and the leveling of class divisions, to,vard emancipations and 
enfranchiseuIents, toward equity in institutions and la,vs, toward COIll- 
mon education and to,vard l)ublic and private charities of every kind. 
It is not tbe fact, however, that every man acquires entirely for 
himself these larger and more intelligent perceptions, which broaden 
and clarify his notions of right. There is the same giving and taking 
in this as in other matters of knowledge. 1\len accept from one 
another a great deal of what becomes the serviceable common stock 
of knowledge in every departtnent. 'Ve are all of us settled no"T in 
the belief that the eartb is round, that it revolves about tbe sun, that 
it rotates on its axis, that the other planets do the same, and that 
these Illotions are all controlled by the same force, under the sanIe 
law, '\\hich governs the fall of a ripened apple from its sten1; but 
how many comprehend the mathematical proofs by which such 
l)eliefs as these are sustained? The belief makes its way nlllong 
men by the force of the authority of the fe\v, ,,
hose keener facul- 
ties lw;ve verified the demonstration of it-assisted, indeed, by the 
general gro,vth of .what 111ay be called a receptive intelligence, 
,vhich enables men to discern the })robability of the truth of things 
"yhich they do not perceivf' clearly in fact. But such beliefs are ac- 
cepted at last [Iud acted upon and reasoned 11})On,_ exactly as tl10ugh 
they llClà in each l11an's n1Ïnd the firmest ground that his o,vn per- 
ceptions and his own reason could give them. It has appeared to 
be the same ,yÍth all the larger gen
ralizntions in morals. They arc 
diffused in society by the })ropagation which ,ve call a gro.wth of 
public opinion, and they sometimes enforce themselves in the 11101'::\1 
code of a community eyen Lefore .the Inajor part of its members have 
half recognized the ground of fact upon which tbey rest. 
If we turn 1l0'Y to the indirect relationships bet,yeen 111en, "Thich 
arise out of the institutions of property, politics, etc., .we shaH see that 
they have been generally rendered more remote and Jess ]"ecognizaùle, 
by the same' operations that have produced greater intimacy find fa- 
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miliar closeness in the diJ.ect relations of person with l)erson. This 
fact is particularly apparent in the relationships which involve l)rop- 
crty. The prilnitive idea of property was so associated ,vith the fact 
of possession or occupation that it could not be entertained apart 
from that. According to the earlier Roman law, stolen property was 
lost to its owner, simply because he had lost possession, without which 
tbe moral intelligence óf tbat age could not retain its conception of 
tbe right of property. If recovered from the thief, it was appropriated 
by the state. In the later Roman jurisprudence this inequity was 
corrected, but it reappeared in the legislation of the barbarian COll- 
querors of the empire, and again became the law of Europe for several 
hundred years; surviving in some })arts of Germany, according to 
Chancellor I{ent, until near the middle of the last century. By the 
common law of England, as laid down even so lately as in the Com- 
mentaries of Blackstone, goods wrecked ,,'ere adjudged to belong to 
the king, and the ow.ner had no right of recovery until a curious 
statute of Edward II. gave him that right, upon the condition that 
some living creature should have escaped the wreck, to fictitiously 
represent him, it ,vould seem, in the act of possession at the last mo- 
ment. 
This strange defect in the prilnitive idea of the right of property, 
lingering so obstinately and so long, il1ustrates the difficulty which 
men have always experienced in carrying that idea from a simpler to 
a more complicated set of circumstances, and the easiness with ,vhich 
their perception of the relations to which it attaches becomes confused 
by any separation, whether real or apparent, of the thing from the 
person. Bnt, in the evolution of our civilized social state, more com- 
plex forms of property have been coming all the time into existence. 
In some of these, the person and the thing bave been pushed apart to 
a wide remove from one another; in others, the association of ownership 
between them is subtilely conditioned by various circumstances and 
contingencies; in others, several persons are associated 'with the same 
thing, in C0111IDOn ownership, or with a succession of rights in it, or 
with rights that are various in degree; in stilI others, the thing which 
is the subject of property is a pure fìgn1ent of the brain-the mere 
idea of a property-right "rhich has itself become property l)y a con- 
venient fiction. Again, half the wealth of the world has been acquir- 
ing of late a kind of duplicate shadow-form of existence, by paper 
representation, in a hundred modes-as in bonds, notes, drafts, stock- 
certificates, bills of lading, etc.-and so plays a double part, one real 
and one fictitious, in the commercial transactions of the })resent day. 
That this protean nlobility of form should be given to "property," and 
the suhjects and conditions of ownership be so continually mnltip1ied 
and modified, ,vithout obscuring the indir.ect relations which" prop- 
erty" creates between men, and confusing the perception of them, is 
quite impossible. Along with this obscuring cause there is another 
VOL. XI.-36 
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one to be found, which has been equally active 
n the whole arena ()f 
industri
l and commercial intercourse. This is the constant multipli- 
cation of intervening agents-middle-men, factors, brokers, speculators, 
contractors, and distributors of every sort-between the producer and 
the consumer, or bet\veen the primary owner and the ultimate owner 
of almost everything which is the subject of ownership and trade. 
Those t\VO, who are the actual persons brought chiefly into relation- 
ship by the thing in question, are put quite out of sight of one another 
in most of the transactions of modern industry and commerce; and it 
is easy to see how much more energy in the forming of a notion of 
right is required to preserve the integrity of the line of conduct 
between them, through indirect dealings like these. 
rrhe truth, then, seems to be that the civilizing process in society 
has, thus far, had two quite contrary moral effects: one, to cultivate 
and quicken in men the intelligence ,vhich apprehends their relations 
to one another, and which perceives a right line in aU the conduct that 
is incident to those relations j the other, to complicate and obscure 
one prominent group of such relations, and to make the apprehensioJl 
of them more difficult. If the former effect has not yet overcome the 
latter, in that sphere of conduct where the conflict between them is 
greatest, there is nothing'to wonder at in the fact. It is quite accord- 
ing to the nature of our moral cognitions that men should sooner learn 
not to steal than not to cheat: because stealing is an assault direct 
upon that fact of possession whic4 \ve have seen to be at the bottom 
of the idea of a right of property; whereas cheating takes most of 
its suggestions from the aþsence of that fact. It is certain that civ- 
ilization has diminished downright robbery, depredation, theft, and 
not so much by its police, nor by the force of its penal lá\vs, as by 
cultivating the notion of right conduct which condemns them. If it 
has not yet curtailed the devices of fraud, and if men make dishonest 
use of the knowledge and the skill that they have gained in every art, 
even more, perhaps, than their fathers used the scantiel" methods of 
fraud which they kne\v, the reason seems to be explained, and I can 
find nothing in the fact to argue against a final ripening of moral 
fruits in this region of human conduct, as wen as in the rest. 
" But \vhat then?" every reader will ask. "Is it enough to account 
in this way for our notions of right? Is it enough to satisfy ourselves 
that they are formed like our mathematical notions, by the same facul- 
ties, in the same way, and that they have the same intellectual gene- 
sis? Is there not something more which this doctrine leaves still 
unexplained ?-that something which distinguish(\s amoral notion from 
every other that is formed in the buman mind; tbat sOlnething in it 
which is mandatory and urgent; tbat something which we call con- 
science, sense of duty, obligation?" I say, Yes; there certainly is 
something involved in morals beyond the knowledge of right and 
wrong; some kind of a force, or some kind of a law of feeling in man, 
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which constrains him toward the right line of conduct when he has 
discerned it. That it only operates in coincidence with his perception 
of the line of right-that men, in other words, have no conscience with 
respect to wrongful deeds which they have not yet recognized as wrong- 
ful-appears to be shown by all the facts of human history. If it were 
otherwise, the Greek should have had a conscience to protest against 
infanticide; the Roman should have. had a conscience to protest against 
slavery and against the bloody games of the arena; the Jew should 
have had a conscience to protest against the slaughter of women and 
children in ,var; Calvin should have had a conscience to protest against 
the burning of Servetus, and Cotton 
Iather a conscience to protest 
against the \vitch-hunting deviltries at Salem. This conscience, then, 
must be something that is only made active by the development of 3. 
moral intelligence \vhich reveals to men the line of right in one par- 
ticular of conduct after another. Need we try to account for it any 
otherwise tban by calling it a law of feeling, analogous in kind to that 
law of motion which operates to constrain the obedience of matter to 
right lines of motion? 'Ve know that, when ,ve throw a stone into 
the air, it would move forever in the straight line of its projection if 
other forces, more potent than the projecting one, did not interfere to 
overcome the proper law of its motion. If, now, we might imagine a 
state of consciousness in this clod of matter, by virtue of which it 
couldfeel the resistance in itself to the perturbing forces that are swerv- 
ing it from the line of rectitude, we should have the perfect analogue 
of what I conceive to be the conscience of the human being; a persist- 
ent law of feeling, that is, in man, which resists deviation from the 
right lines of conduct whenever he has become conscious of them. 
Such an implanted law of moral feeling in human nature is no more 
difficult of conception, nor any less so, than the rectilinear law of ma- 
terial motions. 
But if the moving stone were conscious of the commanding law 
wl]ich resists all perturbing influences, it would still be irresponsible 
for its deviations from the right line of motion; whereas the acting 
man is not, because all the forces, of projection and perturbation alike, 
are in himself, and within the control of his own volition. IIe has but 
to bring his will into conjunction ,vith the resisting vis inertiæ in his 
moral consciousness to ,náke the resistance always efficient. 
And this brings to light the third element in morals: which is the 
discipline of obedience in man to the law of feeling which constrains 
him toward the right line of conduct 'fhen he has perceived it. This 
discipline is very obviously the final end and final fruit of human cult- 
ure. We need not wonder that it is slowly attained, when we think 
of the powerful animality in man which has to be struggled with in 
the process. It may be that onr modern civilization bas accomplished. 
little as yet beyond the older in this direction, of moral discipline. It 
may be that men have acquired larger perceptions of right without 
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being trained to obey them any better, except 
n a few directions of 
conduct, where the least resistance of opposing appetites and passions 
is encountered. But still it must be true that all culture tends, fin;t, 
to develop the moral intel1igence which forms right notions of con- 
duct, and, finally, to perfect the moral discipline which makes conduct 
obedient to them. 
It is upon that discipline chiefly that those qualities \vhich I have 
called the moral qualities of the personal order, and ,,,hich have their 
root in truthfulness and courage, depend for their evolution. I bad 
intended to recur to these for some discussion at this point, but my 
article is already too long. Perhaps it is enough to note the fact that, 
being incident as tbey are to intrinsic relations, self-existing in n1an, 
,vhich undergo no complication and no change, tbe moral notions that 
define them may easily have been quite as distinct at some earlier 
stages of hunlan culture as they are now. If they manifest then1selves 
no more potently in conduct than they did t wenty c
nturies ago- 
'which seems doubtful, upon the whole-the fact must sho,v us how 
little our modern civilization has yet advanced the race in Inoral dis- 
cipline, whatever gains in moral kno\vledge it may bave brought. 


... 


DOES IT TAI{E TI1tIE TO TIIINI{ 
 


(SOME MEASUREMENTS OF THE PERSONAL EQUATION.) 


By T. F. BROWNELL. 


M ASKEL YNE, the Royal Astronomer of England, in August, 
1795, haa his attention called to the fact that his assistant, 
:1\11'. Kinnebrook, was making errors in recording observations. He 
noticed that 
Ir. Kinnebrook had fallen into the habit of making 
his records half a second later than tbey should be. In the follow- 
ing .year this fault was found to bave increased. All of JUl'. l{inne- 
brook's obserTationA were recorded as about four-fifths of a second 
too late. The assistant ,vas a trained and skilled observer of long 
experience, but, although the fault 'was pointed out to }lin1, and 
realized by him, it appeared impossible for him to overcome it. 
The same error still appeared in all his work. The two astronomers, 
it must be remarked, ,vere \yorking together observing and noting 
the same events, such as the t;'ansits of th
 same stars across hair- 
lines placed in the fields of vision of their telescopes or transit-instru- 
ments. After observing side by side a large number of events, ana 
recording the times as accurately as they could to the second and 
fraction of a second in each case, it was found by a comparison of 
results tbat the events were almost invariably recorded by 1\fr. Kin- 
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nebrook as having taken place four-fifths of a second later than the 
time observed aud noted by l\faskelyne. All attempts by 1\Ir. Kin- 
nebrook to account for or to remedy what he d
emed his fault were 
in vain. At last l\'laskelyne, assuming that his own observations' 
were correct, and that the habit of his assistant arose from some de- 
fect difficult to explain, felt obliged to discharge him as incompetent 
for the special clåss of work in which he had been long engaged. 
At the present day astronomers, 'with better kno\vledge of the de- 
gree to which the personal element enters into all \vork, and espe- 
cially into a class of labor so difficult as that of recording fractions 
of a second or hundredths of an inch, are accustomed to place as 
much reliance upon the observations of l\lr. Kinnebrook as upon 
those made by the royal astronomer himself. The constant difference 
in the result is explained, not by the assumption of incompetency on 
the part of one of these astronomers, and of complete accuracy on 
that of the other, but by reference to what is known as the relative 
personal equation of the two men. It is not supposed that the rec- 
ords made by either of them are absolutely correct. Beyond a doubt 
there is in the records of each a small and constant error arising 
from personal characteristics. There is no reason to suppose that the 
amount of this error was larger with 1\lr. I{innebrook than with 1\fas- 
kelyne. The absolute personal equation, as the error is caned, is 8S 
likely to appear in the observations of one as in those of the other. 
. The error of four-fifths of a second, which inv riably appeared, does 
not represent a difference from the exact truth, but the constant dif- 
ference between the amount of error habitual to one of these observ- 
ers and the amount of error habitual to the other. But, as we do not 
know the personal equation of either, in this, which is the first recorded 
case of the kind, we can never kno\v where the truth actually was. 
By this and similar cases the attention of scientific men was caBed 
to the effect of personal characteristics in classes of 'work similar to 
that of the astronomical observatory. Examination showed that 
these characteristics are a constant cause of error. By numerous ex- 
periments it appeared that one who observes and records an occur- 
rence always gives a result which differs from the exact truth. Even 
where the observer was trained and skilled in observing events like 
those in the experiment-, the rule was the same. He recorded the 
time too early or too late. The error would appear in each experi- 
ment, anel always to the same amount. If the record was too late in 
one, it invariably was too late. This habitual difference between the 
time as noted by an observer and the actual time of the happening 
of the occurrence is \vhat has been termed the absolute personal 
equation of that observer. It represents the amount of error which 
he will always make. It has been found to differ with different per- 
sons for the same class of events. It also differs in the same person 
for events of different classes. The time required to observe and 
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record the happening of a sudden and unexpected spark, for instance, 
is always greater than that required in the case of the expected ap- 
pearance' of a lettcr or figure thrown upon a screen. The equation 
also differs according as the facts are obscrved by the use of one of 
the senses or of another. The time required for some of the senses 
to convey intelligence to us is far greater than that required by 
others. 
In making astronomical observations the equation requiring atten- 
tion is that relating to the sense of sight. Being the value of an 
habitual error, it invalidates all observations, since the record of each 
observer is incorrect in a certain constant amount. It is, therefore, 
necessary to obtain the personal equation of the observer, and to add 
or subtract this from the results which he notes, in ordcr to know the 
true time of the occurrence recorded by him. This can easily be 
done. To obtain the equation for observation of the transits of stars, 
for instance, the method is quite simple. A luminous point similar 
to a star is made to move ,vith uniform velocity ill a circle, and to 
pass across the field of a telescope. The exact tinle the point is upon 
the hair-line which divides the field of view is correctly recorded by 
lnechanism which stops a chronollleter. The observer watches the 
luminous point, and as soon as he sees it upon the line presses a but- 
ton 'which stops a second chronometer. rThe difference between the 
times indicated by the two chronometers gives the personal equation 
of the observer for the transits of stars, recorded by pressing a but- 
ton. Its amount will be very smalL 'Vhen the time is taken by 
glancing at a clock and then noting, the equation of almost all ob- 
servers is so large as to demand a correction. 
Since personal characteristics are the cause of a constant error, it 
follo,vs that two observers of equal skill, using instruments of equal 
accuracy in observing and recording a large uumber of occurrences, 
,,?ill always differ from each other in the results obtained, and in an 
amount tbat will always be the same. This constant difference be- 
tween the results given by two observers is called their relative per- 
sonal equation. The four-fifths of a second between the records of 
1\11'. Kinnebrook and Dlaskelyne \vas the value of such an equation. 
It is the sum or the difference of the amounts of error Ollabitual to 
each. Its value may be found by experiment, or by adding together 
the absolute equations of each, or by- subtracting one fronl the other 
in case the tendencies to error are in the same direction. 
An interesting exalnple of a personal equation was the ground of 
a serious criticism made about a year ago upon the trustworthiness 
of the observations lllade at Greenwich. In tin1Îng the class of ob- 
servations which were criticised, the record was kept at the observa- 
tory in seconds and tenths of a second. The first record was lllade 
at the time of the 'observations by dots or punctures made in a tape 
running over a drum, the spaces bet"reen the dots representing cor- 
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responding lengths of time. The tape was prepared for use by being 
marked off by printed dots, about a third of an inch apart, into spaces 
representing seconds. The permanent record was prepared subse- 
quently by reading off the results noted upon the tape. To read off 
the whole seconds ,vas of course a simple matter of enumeration of 
spaces representing seconds. The fractions of a second, ho,vever, it 
was customary to' estimate in tenths of a second. The estimation 
was made upon the position of one- sharply-marked dot as referred to 
t'wo other well-defined dots, one on each side of it, indicating the be- 
ginning and the end of a second, and separated about a third of an 
inch. It ,vas done by inspection of the tape, by highly-trained. and 
experienced men, to whom it had been a daily work for years. Such 
being the methods, an astronODler connected with another observatory 
selected at random from the reports of the Greenwich Observatory a 
large number of records, and caused the number of times each fraction 
of a second occurred to be counted. Theoretically, there is no reason 
why one fraction should appear more of tel) than another. An ex- 
amination of over 1,200 instances, however, showed that certain 
fractions appeared much more frequently than they theoretically 
should. The figure 4 or lo, and the figure 0 or TOO' were found too often. 
Upon this fact was founded a criticism upon the accuracy of the re- 
ports. It was claimed that the frequency of these fractions was occa- 
sioned by personal characteristics in the person who estimated the 
fraction; and it was assumed that such were tbe idiosyncrasies of 
even the most highly-trained persons, that in making such estimations 
they would unconsciously tend to use certain figures rather than 
others; in this case it was argued that the tendency causing error 
was to make the record four-tenths for most fractions between three- 
tenths and five-tenths, and where the dot was near the end of a second 
to record the time as a whole second. This criticism ,,
as offered in 
a dignified and serious way in a prominent scientific journal, and was 
as earnestly replied to and discussed by the observers at Greenwich 
in the same journal. 
This exanlple of the.. personal equation is quite different from that 
which was first briefly described. The value of the equation in this 
case it is impossible for us to formulate with accuracy in the present 
state of onr knowledge. In examples like the first, the factors can be 
more readily observed, analyzed, and measured. The diffel'ence which 
appeared in the case of l\Iaskelyne and DIr. Kinnebrook arose, ,vithout 
doubt, from the fact that nervous and mental actions require time for 
their accomplishment, and because the r
te of nervous translni
sion 
and mental action in one of these observers constantly differed from 
that in the other. The problem of the personal equ
tion in this aspect 
becomes one of physiology and l)sychology. As such it has been in- 
vestigated with great research by specialists during the past twenty 
years. And, although the results obtained are in most cases only 
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approximately true, the various experiments that have been matle are 
not without some curious interest. 
It is well known that the operations of the nervous system require 
time. The action of the different senses is not instantaneous; there 
is always an interval of time after a foreign body touches our skin 
before we know that it touches us. So also between the mental de- 
cision to make a movement and its actual execution there is a real 
though short interval. 
'Vhere upon sight of a star a button is to be pressed, there is, first, 
the action of the sense of sight which gives us knowledge of the ex- 
istence of the star; and, second, action of the will causing pressure of 
the button. In fact, the l)hysiological and psychical action, in all 
cases ,vhere excitation is followed by the giving of a signal, may be 
divided into six separate and successive actions. The sensation may 
be divided into three distinct acts. In the example supposed there is, 
first, the reception of the image of the star upon the retina; second, the 
transmission of the stimulus through the nerve from the eye to the 
brain; and, third, the mental perception of the existence of the star. 
The voluntary movement ,vhich causes the signal may also be divided 
into three acts. There is, first, the act of the will by which it is deter- 
mined to press the button; second, the transmission of the impulse 
through the nerves from the brain to the hand; and, third, the excite- 
ment of the muscular fibres by ,vhich the finger is bent and the button 
pressed. The entire interval between the excitation and the giving 
of the signal, during which these six acts occur in succession, has 
been called the physiological time. It is really the same in amount, 
in most cases, with the personal equation. That portion of it which 
is occupied ,vith the purely mental acts of perceiving the signal and 
determining the signal is cal1ed the psychical time. It is the time 
required to think. 
Attempts have been made to measure each of these six factors, 
and interesting results have been obtained, though of various degrees 
of accuracy and trustworthiness.. 
The earliest experiments were made with reference to the rapidity 
of movement through the nerves. The first attempt to measure the 
velocity of nervous impulses proceeding from the brain under action 
of the will was made long ago by Haller. He ascertained, by reading 
aloud with great rapidity extracts fr9m the" Æneid," the average 
number of letters which he could pronounce in one minute. Then he 
calculated the length of the nerve from the brain to the muscles of 
the tongue and mouth. Each letter he regarded as requiring a ner- 
vous impulse. He was obliged then only to multiply the number of 
letters spoken in each minute by the length of the nerve. This gave 
as a result that the rate of nervous transmission from the brain wait 
about 150 feet a second. This experiment was defective in failing to 
take into accOunt the facts that both the act of ,villing and tbat of 
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muscular contraction require time. Had these been considered, the 
solution would have been farther from the truth than it really was. 
Recent investigations of more precision have not, however, given re- 
sults that differ widely from that obtained by Haller. The rate as 
given by IIelmholtz, after many experiments, is about 111 feet per 
second. This is now generally accepted as the most accurate state- 
ment. Slight diffel
el1ces in results for moyements from the brain, and 
for those proceeding to it, have been obtained in the investigations, 
but the rate is regarded by the best authorities as essentially the 
same for both movements. If there be a difference, it arises because 
the rate of voluntary impulses moving from the brain outward is the 
more rapid of the two. 
A difference also has been found to exist in the rapidity ,vith 
which 1l"e perceive Ï1npressions received through the eye, and those 
received through the ear. This at one time was supposed to be 
caused by a difference in the rate of transmission in tbe respective 
nerves. The better authority now is that the disparity is occasioned 
either by difference of length of the two nerves, or because the mind 
does not so readily distinguish impressions of one kind as those of 
the other. 
If these data are correct, it requires at least one-twelfth of a sec- 
ond for us to perceive a sensation in our foot. A mosquito which 
selects our ankle as the field of his operations has nearly a sixth of a 
second in 'which to Inake his escape, for it requires at least one t,velfth 
of a second for us to find out that the mosquito is there, and another 
twelfth of a second for us to make up our mind to declare war upon 
him and to initiate hostile action. 
It will be observed that the rate of nervous transmission is com- 
paratively slow'. Electricity travels at the rate of many thousand 
miles a second, or, more accurately, 16,000,000 times as fast as nervous 
action. Light moves about two-thirds as fast as electricity. If we 
examine movements which are comparatively sluggish, we find that a 
cannon-ball, when fired, moves about 900 feet a second, or nearly ten 
times as fast as nervous energy. A railroad-train speeding along at 
sixty miles an hour would be moving at about tbe same rate as an 
ordinary nervous stimulus, though in a contest the stimulus ,vonld 
probably win. 
By further experiment it has been determined that the time re- 
quired for the excitation of the muscular fibres for such acts as tbe 
supposed pre
sing of the button, this being the factor last in order of 
the entire six, is about one-hundredth of a second. 
It is also declared with some precision, both by analogy to this 
last act and by experiment, that the time required for the reception of 
the impression by the sensitive membrane, w bich is the first and a 
corresponding factor of the complete physiological time, is also about 
one-bundredth of a second. 
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There are now left undetermined only two of the factors. These 
are the time required for the two purely mental acts: first, of per- 
ceiving' the sensation; and, second, of "Tilling tbe movement which 
imlnediately follows. These two make up the psychical time. It 
may be obtained by first learning the entire physiological time, and 
then subtracting from that the value of the four known factors, the 
determination of which has been given. This would leave the period 
required for the purely mental operations of distinguishing and will- 
Ing. 
For the purpose of learning the l)hysiological time for events of 
different orders, a large number of carefully-prepared experiments 
have been made by different investigators. Though the results ar- 
rived at lack much in accuracy and completeness, they are highly 
interesting and instructive. 
For experiments relating to sight the arrangement is usually of 
the following nature: The patient is seated before a screen, upon 
which certain letters or numbers can be thrown, or before glass 
globes, which can be suddenly illumined by an electric spark. "C" pon 
seeing the number, letter, or illumination, as tbe case may be, the 
patient ÏInmediately gives a signal by some sligl1t movement of the 
hand or foot. Nice arrangements are provided, by which both the 
event and the signal register themselves, giving the time exact to the 
thousandth of a second. 
The general result of many experiments is, that the time required 
for ordinary persons to distinguish an appea"rance and to give tbe 
signal amounts to about one-fifth of a second. Exactly speaking, in 
the experiments of one scientist, the time required was found to be 
.188 of a second. In trials made by three other investigators the 
results have been .200, .205, and .194 of a second respectively. None 
of these conclusions varies much from one-fifth of a second. A com- 
parison has also been made bet","'een cases where the event ,vas an 
electric spark and others where the event "was the passage of a lumi- 
nous point across a line, the signal being the same in each experi- 
ment. According to one ser
es of trials, it was found that the time 
required in the former case was .200 of a second and in the latter 
only .077 of a second. In other words, the perception and signaling' 
of the former occupied three times as much time as in the case of the 
latter. 
In experiments with the sense of hearing, the arrangements arc 
generally of the same nature. The event is usually the sound of a 
bell or note, or of a spoken letter or number. For this sense the 
physiological titne has been calculated to be about one-sixth of a sec- 
ond. Four investigators give .148, .1505, .180, and .182 of a second, 
as tIle exact results of their experiments. It ,viII be noticed that the 
physiological time for the sense of hearing is shorter than for tbat of 
sight. We hear more quickly than we see. 
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For the sense of touch there i
 a discrepancy in the results thus 
far given by different investigators. According to the best author- 
ity, it appears that the physiological time in this case is about one- 
seventh of a second, and less than that of sight or hearing. Some, 
however, make it somewhat larger than this, and place it midway 
between those of sight and bearing. 
Having thus found the entire physiological time br many care- 
fully-prepared experiments, and having previously obtained, as has 
been briefly pointed out, the value of four of its factors, the value of 
the remaining two can be readily obtained by subtracting. We 
should then have the timo necessarily employed in purely mental acts 
of distinguishing or recognizing an event and willing the signal. 
One careful investigator, after experiments in which the event was 
the sounding of a bell, and the signal ,vas ma.de by pressing with the 
foot, tabulates the result with the following precision: 
Time occupied (in seconds) by the mechanism of hearing the bell. . . .. . . .. . . .. . .. .010 
By the act of perception of the sound and of willing the .signal. . . ., . . .. . . .. . . .,. .112 
By the transmission of nervous impulse through the spinal cord and nerve of the leg 
to the foot.. . . .. . . .. . . .. . . .. . . .. . . .. . . . . . . ., . . .. . . .. . . . . . . . . . . . . . . . .. .088 
By the mechanism of muscular contraction in moving slightly the foot. . . .. . . . . .. .010 


Total physiological time. . . . . . . . . . . . . . .. . . . . . . .. . . .. . . . . . . . 
 . . .. , . ... .220 


This is only slightly more than one-fifth of a second. 
The two mental operations, it will be perceived, occupy somewhat 
more time than is required for the transmission of the impulse to the 
foot, and a little more than one-half of the entire time. 
In all the tests thus far given the operation of the mind is as sim- 
ple as possible. The terms of the problem are reduced to their lowest 
forms. Upon the simplest kind of a perception, and that expected, 
the patient is required to exercise his volition in the simplest way. 
There is no necessity of making comparison between two or more sen- 
sations, or of deciding between two or more courses of action. 
But in the following experiment the mental acts required were 
more complex. The patient, upon receiving a slight shock given to 
the right foot, was to give the signal by moving t
e right hand, and 
upon receiving the shock in his left foot he was to give the signal 
with his left hand. He was left in ignorance upon ,vhich foot the 
shock was to come. It was found that under these circumstances the 
physiological time was prolonged one-fifteenth of a second beyond the 
corresponding time. where the patient was informed which foot was to 
receive the shock. In the latter case there was no need of reflection, 
but in tbe former he was obliged first to decide which foot ""as 
touched, and then to decide upon the corresponding signal. One- 
fifteenth of a second represented the time required for these acts of 
the mind. 
A similar test was made for the sense of sigbt. For a red light 
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the signal was to be given ,vith the right band, for a ,vhite light with 
the left hand. In this case the mental action of deciding these alter- 
natives and coördinating the corresponding act of volition required 
no lcss than .154, or nearly one-sevcnth of a second. 
Other experiments have been made with the sense of sight, w'here 
the patient was instructed to give the signal by pronouncing the name 
of a vowel which was shown to him. If he had to distinguish between 
two vowels, the psychical time ,vas prolonged .166 of a second beyonù 
what it ,yould have been for one vowel. If he was required to name 
one out of five, the prolongation was incrcased to .170 of a s-econd. 
Similar experiments ,vith the sense of hearing, where the vowel 
was spoken to the patient and repeated by him, gave similar results. 
Where two vowels were selected from the mind occupied .056, and 
where five were used .086 of a second longer than if only one expected 
vowel ,vere spoken. 
'Vhere two colors were shown, and the signal was given by a 
movement of the hand, or by the voice, the physiological tÌlne for the 
movement of the hand ,vas found to be always greater than for the 
VOIce. 
'Vhen the signal was the pronouncing of a vowel, as " i," the time 
required was less than when the patient was obliged to speak the 
vowel with a consonant before it, as " pi," or "ki," or" ti." The let- 
ter "p" ,vas found to retard the patient .011 of a second, "t" twice as 
long, or .022 of a second, and" k " .021 of a second. A further result of 
these curious investigations was that the patient required three times 
as long to distinguish between two letters which were shown upon a 
screen as to distinguish bètween the two corresponding vo,vels 'when 
spoken. 
In all these investigations the psychical time is made up of two 
periods: the first required by the mind to perceive the sensation or 
to distinguish the alternative, the second required for the mental act 
of willing the signal. An attempt has been made to measure each of 
these. The experiment for this purpose was so arranged that the pa- 
tient was to hear several vowels, but ,vas clhected to give the signal 
only upon bearing a certain one of them. Under this a
rangement 
tbe patient concentrated his attention upon the perception of the 
vowel at hearing ,vhich he was to act. He prepared himself, as 
far as could be, to pronounce it the moment he heard it. Before he 
heard it he willed to speak it on the instant that he should perceive 
it. There remained only the act of recognizing tne vowel when it 
should be spok
n, of distinguishing it. among the other vowels. The 
act of volition was in this way eliminated from the physiological time, 
and the simplest mental act of distinguishing ,vas calculated from the 
result. This result, based upon this and similar experiments, w:1S that 
the mental act of distinguishing required about one twenty-third of a 
second of time. The whole psychical time being about one-twelfth 
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of a second, the time rcq uil'ed in ordinary cases for the remaining act 
of ",
illing was easily calculated to be about one twenty-eighth of a 
second. If these investigations can be regarded .as entirely trustwor- 
tlIY, they tend to sho,v that the mind perceives somewhat more slowly 
than it wil1s. 
Of the personal equation, in its widest sense, there are tuany ex- 
amples even more suggestive and worthy of extended treatment tlJan 
these which have received mathematical measnrernent. These exam- 
ples are to be found in all hU111an action, and in the result of all human 
work. Noticeably is this true in all acts and occupations which have 
their basis and. lowest forms in 'acts of imitation. N one the less is it 
true in those higher forms of art and action ,vhere close in1Ïtation is 
less desired than the interpretation of some !)ervading spirit, or the 
representation of some underlying essential. In the acts of painting a 
landscapQ, of copying a picture, of interpreting a symphony, of read- 
ing a poem, of acting a play, of following an argument, or in any of 
the common or artistic acts of Dlen, be they mental or physical, the 
personal equation of the actor enters as a perceptible element in the 
result. The discussion of the nature and value of the personal equa- 
tion ,vhel'e it appears in forms so subtile as in the cases last mentioned 
would furnish many considerations of interest and instruction, but to 
undertake the treatment of these forms is beyond our present purpose 
or opportunity. 


... 


ABORIGINAL POTTERY OF THE SALT-SPRIXGS, 
ILLINOIS. 


By GEORGE ESCOL SELLERS. 


I N the 'w.ork by the late J. W. Foster, LL. D., on the" Prehistoric 
Races of the United States of America," published in 1873, when 
treating of the pottery of the mound-builders, on page 248, he says: 
"On the Sa1ine River, Gallatin County, Illinois, ßccording to MS. notes of Prof. 
Cox, there is, just above lo,,:-water mark, ß salt-spring, which was resorted to 
in the earliest settlement of the country, by those of European descent, for the 
purpose of procuring salt by evaporating the brine. llere occur, llOwever, nu- 
merous fragments of pottery, showing that 3 prehistoric people 11ad resorted to 
the same spring, ßnd for the same purpose. FrOlll the slight curvature of the 
fragments it is evident (hat the vessels were of l
rge capacity. The material is 
coarse, and the general thickness of the vessel is about half an inch, but at the 
rim it is three-quarters of an inch. The exterior is marked by vertical lines 
of depre!òion about half an inch apart, with bars less conspicuous and close to- 
gether, sometimes at right angles, and at others oblique. When I first saw these 
specimens, I was somewhat surprised that the makers should bestow so much 
ornamentation on vessels so coarsely made, and npplied to such ordinary uses; 
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but ß slight examination showed me that these figures ,had been impressed and 
not carved; or, in other words, that a basket of rushes or w.illo'lCS had fir8t been 
constructed, inside of which the clay was moulded and allo'lCed to dry before 
burning. " 
Then, in a foot-note, he continues: 
" Since this chapter was written, I have seen a paper of Mr. Charles Rau, of 
N ew York, on the aboriginal pottery of this country, in which he refers to this 
locality, and arrives at the same conclusion as myself. . . . I had occasion 
to exami.ne a fragment of a vessel sent to Dr. Davis in 1859, by Mr. George 
E. Sellers, who obtained it at the salt-springs, near the Saline River. . . . 
Several acres, Mr. Sellers states, are covered with broken vessels, and heaps of 
clay and shells, which indicate that they were made on the spot. They present 
the shape of semi-globular bowls with projecting rims, and measure from thirty 
inches to four feet across the rim; the thickness varies from a half to three- 
quarters of an inch. 
"The earthenware has evidently been moulded in baskets. It is solid and 
heavy, and must have been tolerably welÌ baked. The impressions on the outside 
fire very regular, and are really ornamental, proving that these aboriginal pot- 
ters were also skillful basket-makers. 
" Mr. Rau quotes from Hunter, as to the aboriginal mode of making pottery, 
, Another method practised is to coat the inner surface of baskets, made of rushes 
or willow" with clay, to the required thickness, and, when dried, to burn them 
as above described.' " 


1\ly object in writing this article is to refute a theory that 'would 
attribute to tbe rude, prehistoric people of the Stone age a skill in 
J11anipulation that cannot no\v be approached by the skilled artisan of 
the present age; that is, keeping in form and lining ,vith heavy clay 
fragile baskets of the large size of these old salt-kettles. 
About the time I sent the specimens to Dr. Davis referred to by 
1\11'. Rau, I also sent some to the Hon. Thomas Ewbank, and in my 
letter accompanying 1 stated that 1 had discovered what at first 1 
took to be an entire kettle bottom-up; but, on removing the earth tbat 
covered it, it appeared to be a solid mass of sun-dried clay. From its 
l)osition among heaps of clay and shel1A, its hard, compact, discolored 
-1 might say almost polished
snrface, I became satiEfied it was a 
mould on wbich tbe clay kettles had been formed, precisely.as in loam- 
moulding "at tbe present day. 
l\lr
 Ewbank, in reply, said he thought 1 waR mistaken; tbat what 
1 took for a mould was most probably a concreted sediment tl.1at had 
filled a kettle and been turned out; that there was no evidence of the 
aborigines of either North or South America having ever used the 
lathe, or forI.oed their ware by striking; not even among the Peru- 
vians, whom he considered far in advance as to forms and quality of 
pottery-ware. They had moulded bottles or jugs on gourds, and open 
vessels in baskets, ,vhich had been burned out or off in baking; he 
thought the specimens 1 sent him bore evident marks of reed baskets, 
etc. 
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Before presenting the facts that have confirmed me in my original 
vie,v of the manner in which these salt-pans were formcd, and that I 
may be better understood, I will endeavor to describe the location 
where the fragments are found. 
1\ly first visit was in company with my friend the late Dr. David 
Dale Owen, about the year 1854. 'Ve found two watcr-worn ravines, 
commencing on the hills that rise abruptly on thc south side of the 
Saline I{iver, and drain into it. At the base of the hills they are 
crossed by a State r
ad, between which and the 1.iver their bottoms 
are level, hard, and barren, and here, close to the road rise the salt- 
springs. Between the ravines is a bench or river-bottom subject to 
annual overflow. 
These bottoms, as ,,"ell as the hill-sides, were covered with a thick 
growth of young timber-the primitive forest having been cut off for 
fuel for evaporating the brine at the time the salines were worked by 
the early settlers. The principal spring was then, and is now, known 
as the" Nigger" well or salt-works, as it was worked by slave-labor 
while the State of Illinois was a Territory. 
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FIG. 1. 


The spring in the west ravine overflowed a curbed well about cight 
feet square, which I sounded, and found to be about forty feet deep. 
In the east ravine a salt-spring was oozing. A short distance above 
the curbed well flo,vs a sulphur-spring, and near it one of good fresh 
water. . 
I have been informed, by a reliable party who had personal know l- 
edge of all that was done by the early settlers in working the salines, 
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that in the east ravine they sunk a ,vell and curbed it down to 
tbe bed-rock, 3. depth of 42 feet, and Illade 3. boring of about 150 
feet in its bottoln. That all the way from tl}e surface to the rock 
they found pieces of broken })ottery, and on the rock a pitcher or jug, 
with a handle ,vithin the rim; this jug was sent to the Philadel})hia 
l\luseum. l\Iy informant expressed the opinion that, at the time the 
aborigines used the waters, the s})ring bad its outlet at or near tbe 
bed-rock, and had since gradually filled by surface-"rashings, just as 
the ,veIl in the west ravine has been filled since' my first visit, and is 
now a cattle-tramped salt-swamp. 
The present outlet of the spring is not over six or eight feet above 
low water of the Saline River, and the character of its bed precludes 
the possibility of its ever having been on a lower level; for at Island 
Ripple, ,vithin two miles of the spring, tbe river falls over a broad reef 
of rocks .which backs the "rater-forming a l)ool-up to this place, 
where there is another slight ripple. . 
This, to me, is conclusive evidence that, whoever the people were 
who left the masses of broken pottery as l)roof of their having used 
the salt-waters, they resorted to precisely the same means as did their 
Dlore civilized successors of our time-tl}at is, sinking wells or reser- 
voirs to collect the brine; and the dipper-jug which had been dro})ped 
had sunk to the bottom, sho,ving that their reservoirs were down 
to the rock. 
Running nearly in an east-and-,,
est course. on the south side, and 
. close to the outlet of the springs, IS an upheaval that has brought the 
carboniferous limestone to the surface standing on edge. The sulphur 
and fresh-water springs rise south of the line of tl1Ïs dike. On the line 
of it, about the centre of the raised bOttOITI or plateau between the two 
ravines, say ten or twelve feet higher than the springs, and embracing 
an area of about eight acres, occurs a sink of about 120 feet in diame- 
ter. It was on the raised rim of tl}is sink that I discovered the heaps 
of clay and shells, and what I took to be the inside mould or core on 
,vhich the kettles had been formed. It was then a })001 of "rater, 
around w.hich I found the most abundant remains of pottery, not only 
represented by fragments of the large, coarse salt-pans, bllt by many 
pieces of sn1all vessels of much finer texture, and of snperior workman- 
ship, such as would be used for domestic purposes. From these 
and large quantities of chippings and offal, I inferred that this was 
the site of the old settlement. The broken pottery, the black soil, 
the waste fronl long occupancy extending a considerable distance 
both east and west of the springs, and to the foot of tbe bluffs on t1}e 
south, covering an area of about thirty acres, .were confirmatory of 
this view; but the fact of the annual overflow made me look further 
for a permanent settlement. 
The hills 
t this point run nearly an east-and-,,"'"est course, forIn- 
ing a r
nge of upl}caval that crosscs the State of Illinois, from thc 
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Ohio River at Sha wneetown to the 1\Iississippi, and at some places at- 
tains a height of about 700 feet, being the highest land in Illinois or 
in either of the adjoining States of l\lissoÍlri, Kentucky, and Indiana. 
Ilnmeàiately south of the salt-springs i
 a spur of the main lJill, its 
northern terminus being l)recipitous bluffs of metamorphic sandstone, 
which Prof. Worthen, the State Geologist of Illinois, 'who once visited 
the location \vith me, classed with the Chester group. Above this 
bluff, where the spur rises at an angle of about 30 0 , it has been 
terraced, and the terraces as well as the crown of the spur have 
been used as a cemetery: portions of the terraces are still perfect; all 
the burials appear to have been ma.de in rude stone cists, that vary in 
size from eighteen inches by three feet, to t\VO feet by four feet, and 
frorn eighteen incbes to two feet deep. They are made of thin-bedded 
sandstone slabs, generally roughly shaped, but some of them have 
been edged and squared \vith considerable care, particularly the cov.. 
ering-slabs. The slope below the terraces was thickly strewed with 
tbese slabs, washed out as the terraces have worn away, and which 
have since been carried off for door-steps and hearthstones. 


FIG. 2. 


I have opened man y of these cists; they nearly all contain frag- 
ments of human bones far gone in decay, but I have never succeeded 
in securing a perfect skull; even the clay vessels that w.ere interred 
with the dead l)ave disintegrated, the portions remaining bcing almost 
as soft and fragile as the bones. 
Some of the cists that I explored were paved with valves of fresh- 
water shells, but most gen
rally 'with the fragments of the great saIt- 
pans, which, in every case, are so far gone in decay as to Jlave lost the 
outside markings. This seems conclusÏ\'e1y to couple the tenants of 
these ancient graves with the makers and the users of the salt-pans. 
The great number" of graves and the quantity of slabs t}lat have 
heen washed out l)rove either a dense population or a long occu- 
pancy, or both. 
On the crown of the Inain hill above the cemetery are ranges of 
circular depre
síong, from one to three feet deep, and from fifteen to 
twenty-five feet in diameter; they cover a large area, on two sides of 
which there is evidence of earthworks. 
'OL. XI.-37 
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I had the soil removed from one of these 
epressions, and found 
marks o.f long-continued fire in its centre, from .which I infer that they 
are sites of the lodges of these ancient people. 
The general character of this portion of the hill-range is precipi- 
tous to the north, ,vith a very gradual descent to the south, forming 
the north slope of the broad and beautiful vaney of Eagle Creel{, a 
tributary of the Saline, a yalley once cultivated by the prehistoric 
people that work
d the salines, evidenced by the fine specimens of 
stone agricultural impleIllents turned up by the plough, and most a.bun- 
dant near the earth works. 
I have in 1l1Y coUeetion, from this locality, four hoes or spades, 
flaked out of chert or q nartzite, most pro ba bl y from the metamor- 
phic sandstone of the district. They are beautifully wrought, and 
vary in size from six and a half by three and a half to ten and a half 
by four and three-quarter inches, and from one-half to three-quarters 
of an inch in thickness. 
On receipt of 1\11'. Ewbank's letter in 1859, I examined carefully 
quantities of specimens of pottery, and found the markings on all of 
them to have been made by woven cloth of twisted threads, and in no 
single instance by rush or willow baskets. Some of these cloth im- 
pressions were of fine texture. 
When I considered that a basket of the large size of these salt- 
kettles, even if made of llletallic wire no thicker than the thread im- 
pressions, could not possibly be kept in form' .while being lined with 
heavy clay, the idea of using any twisted textile fabric for 8uch a 
purpose seemed absurd., ".,. e lllust, therefore, look for S01lle other 
explanation of these markings. 
l."hey could not be for ornament, or the rough, sbarp edge of the 
projecting rim would llave been finished with nlore care, or where 
threads haa broken, or pieces been torn froln the cloth, the defects in 
the markings "Toula have been repaired. 
Some of tbe threads of the cloth being at right angles to the rim, 
and gradually beconJing oblique or bias, presented the exact appear- 
ance which a bandage of cloth would, if tightly bound round a semi- 
globular bo,vl. 
I irnagine these half-civilized people to have been practical utili- 
tarians; and I can see tbe use of a bandage in holding the moist clay 
firmly bound while being raised from the mould on which it "
as formed, 
and which was essential to prevent cracking as it hardened or dried. 
If a bandage was used in tbis manner and for this pnrpose, there 
could probably be found pieces of the pans showing the wiùth of 
bandage used, also .where and ho\v it had been fastened at its union. 
Therefore, n1Y first ohject was to secure all the specinlcns that I 
could, al
o the mould or core on which I believed the pans Jl3,d been 
formed. But from the time I collected the specimens 
ent to 1\11'. Ew- 
bank and Dr. Davis, it was nine or ten years before I again had an 
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opportunity of visiting the springs. I then found the plateau between 
them cleared and under cultivation; the water had dried from the 
sink; a crop of corn was growing on its bottom; the plough had over- 
turneJ and broken the mould, but in doing so bad exposed I)ortions of 
others of the same character. They appeared to have been small 
mounds built of sto
e, and covered \vith a tenacious yellow clay
 which, 
by sun-drying, had becon1e as hard as common salmon-brick. 
From the position of tbe moulds on the rim of the sink, I inclined 
to the opinion that it was mainly an artificial reservoir for ,vater, and 
the centre of a great pottery-manufactory; the material used being 
the siliceous fire-clays and shales of the coal-measures, which are found 
in abundance, decomposed and ready for use, in ravines within reason- 
able distance of the locality, together \vith fresh-water shell
 from the 
reefs and ripples of the Saline and 'Vabash Rivers, using bivalves and 
univalves indiscriminately. 
The plough had played sad bavoc with tbe pieces of pottery I ex- 
pected to secure. At first, pieces ten or twelve inches across were 
easily obtained; now one as large as the hand is a treasure: this 
breaking up made it very difficult to secure the evidence I "
as look- 
ing for. I made many thorough searches before finding any specimens 
of well-marked unions of the bandages, or establishing conclusively 
that in no case \vere the bottoms of the large vessels marked, as they 
would have been if fonned in baskets. 
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FIG. 3. ' 


A person familiar with the work of the early settlers informs me 
that, in grading for foundations of tbeir salt-furnaces, several of the 
large pans, almost perfect, were unearthed anò destroyed by tbe black 
laborers. lIe påid no attention to the markino-s onl y oùseryino- that 
b , 
 
their bottoms were perfectly plain, anrl described them as " basin
, as 
large around as tbe hind-wheel of his wagon, with flattish bottoms
" 
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At the present salt-works, about five miles higher up the Saline 
River, on its south fork, near Equality, is the" Half-JUoon Lick," 
where the earth has been licked away to a depth varying from 
twelve to sixteen feet, in tbe shape of a horseshoe, about 200 yards 
from point to point of the heels, and to the toe, or back of tbe curve, 
250 yards. In this lick are still to be seen deeply-trodden buf- 
falo-roads. On one bank is a slightly-raised ridge, in which were 
found imbedded a nunlbcr of earthen vessels in a row. 1\11'. B. Tem- 
ple, one of the proprietors of the salt-works, described them to me as 
between four and five feet diameter and sixteen to eighteen inches 
deep. After uncovering, they ,vere not removed, but suffered to go 
to decay. The bones of tbe mastodon have be
n found here.! 


FIG. 4. 


On many of the fragments of the large pans in my collection the 
impressions of the cloth are })erfect delineations of the fabrics used. 
Though differing greatly in pattern and in finenes.s of texture, they 
are all, with one single exception, made or "
oven in the same manner 
-th[tt is, by twisting two t1)reads of warp around the single thread 
of the woof, precisely as the wire faces of laid moulds for forming 
paper are no\v made. The coarsest fhbric that I find the impression 
of has warps about one and a half inch apart, with about five threads 
of woof to the inch. This piece is shown full size in Fig. 1 ; the double 
] After writing the above description of tIle "Half-Moon Lick," I referred to Prof. E. 
T. Cox's report of it in the" Geological Survey of Gallatin County," as published in the 
sixth volume of A. II. ,V orthen's "Report" of Il1inoi
, and find that he has probably 
trusted to eye-mea
urement, and p:reatly understated the extent of this remarkable lick. 
I wrote to Mr. B. Temple, who confirmed what I had written, and furnished the 
actual measures, as given above. 



.ABORIGIN,AL POTTERY. 


5 81 


warp when twisted being about one-eighth of an inch, and the 'woof 
from one-twelfth to one-tenth of an inch in diameter. It will be ob- 
served that the twist of the warp is continuous, while tbat of the woof 
terminates at, or is lost in, the warp. 
The finest specimen I bave has ten threads of warp to tbe inch, 
with a woof or filling of from thirty to thirty-four. Fig. 2 is a pOI,tion 
of it, showing the texture, which, ,though exceedingly close in the 
fil1ing, is plainly impressed on the clay, even showing the twist of the 
threads and tbe crimping of the cloth as bound round the vessel. 
The exception referred to is a square-mesh net. The squares. are 
one-fourth of an inch; the threads in thickness about equal to No.6 
sewing-cotton; and tbe knots at the corners of the meshes are very 
distinctly marked. 
Fig. 3 represents the first piece that I found giving any idea of 
the union of the bandage, which in this case appears to have been by 
the intervention of a stick to which the threads were fastened. 
Fig. 4 is a piece of the rim of a vessel where the bandage bas been 
united by twisting. 
Fig. 5 is a similar piece, showing where two pieces of cloth of dif- 
ferent texture have been united, and the obliquity of the tbreads to 
the rim caused by the hemisphérical form of the vesse1. 
Fig. 6 shows variet.ies in the pattern of the cloth. 
On none of the specimens do I find impressions of cloth woven as 
delineated by Mr. Foster (p. 225), as cloth from the mounds of Butler 
and Jackson Counties, Ohio. 


l\fost of the fragments of the large vessels are of a leaden-clay 
color, and, where reddened by heat, it is more on the inside than on 
the outside. Some specimens that I found in the woods showed signs 
of the action of fire on the portions projecting above the ground, from 
the frequent burning of the woods. 'Vhere reddened by heat, most 
of the markings have been thrown off.. 
This and other considerations lead me to doubt a burning or bak- 
ing process ever having been applied to them, and I do not think it 
would have been possible in open fires. The unequal heat would have 
caused unequal expansion.and contraction, and consequent cracking. 
It is evident that they are composed of a cement of siliceous clay 
and slightly-calcined she lIs. None of the pieces will stand a high 
heat anù afterward moisture. I have heated to redness large pieces, 
that, on fracturing, I found to contain portions of coarsely-pounded 
shells (flakes as large as one-fourth of an inch frequently occurring). 
On cooling, they were about the color of common salmon-brick; when 
moistened, they at once fall to pieces by the slacking of the sbell-lime ; 
and when exposed to the air they gradually waste away, the lime 
only 
lacking and causing disintegration as it absorbs moisture from 
the air. 
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If formed of cement, they must have time t
 barden, and for that 
purpose, must be removed from the mould on which they were formed, 
to prevent cracking by contraction; and here the cloth bandage be- 
comes a necessity. But this cloth is a costly article, requiring a great 
expenditure of hand-labor and time. It must not be allowed to fasten 
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FIG. 5. 


to the vessel as the cement hardens. To prevent this, a simple, natu- 
ral device has been adopted. The pottery shows a laminated texture. 
No doubt every fresh layer of the cement has been hardly compressed 
on the previous one; for at hand we find the primitive tools that were 
used for t}le purpose, scattered over the site ûf this ancient pottery- 



.ABORIGINAL POTTERY. 


5 8 3 


manufactory, in shape of fiat river-pe1)bles, aU of which are polisl1ed 
on the flat surface, just as the digging edges of tbe stone spades are 
by use. Cement thus compressed woulJ be too ,hard to take the per- 
fect impression of the cloth bandage; but a thin layer, or even a 


FIG. 6. 


wash, of river..:silt or mud would take it, and at the same till1e prev
nt 
the cloth adhering to the vessel; and, when required to be relnoved, 
a slight surface-moistening would accomplish the object without Ïn- 
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jury to the cloth. The river-silt is sufficiently siliceous when iÚ con- 
tact with a body of lime-cement, in process of tiine, to become almost 
as hard :is the cement itself. I have f'ucceeded in separating perfect 
sections of this thin surface-Ian1Ïna frOITI the underlying nlass; but in 
no instance 113ve I found this coating on the plain bottoms of the 
vessels. 
And now, reader, if you have patiently and attentively followed 
me through these ramblings, and still believe this ancient, simple, 
practical people went the roundabout road you have been led to sup- 
pose to accomplish an object, 'with great waste of time, labor, and 
material, when a simpler, nlore natural, and direct way was open to 
them, and which my researches convince me they adopted, I will ask 
you to accompany me up tbe hill, not by the steep ascent, through the 
cemetery, but up the ravine, past the sulphur-spring. You will find 
it gradual and easy: in fact, part of the old, well-beaten foot-trail is 
now a wagon-road; but, before reaching the top, the trail leaves the 
road and winds among the rocks, one branch sweeping off to the left 
to the ancient settlement. We will take the one to the right. 'Vben 
you near the top of the hill, though fully a quarter of a mile from the 
salt-spring, keep a sharp lookout, for yon may chance on a good 
specimen of wcll-Inarked. pottery. On reaching the crown, you will 
be sonle distance west of the old town-site. l1ere the plough has 
been working destruction for many years; but you cannot take up a 
handful of soil without finding in it the débl'is of the old salt-pans. 
You are now in a lane separating a young apple-orcbard, thickly 
grown with clover (so thick as to cover aU specimens), from freshly- 
ploughed cornfields, stretcbing far off to tbe south, over the grand 
valley of Eagle Creek. 
If you can take your eyes from the charming landscape, cHm b ,vith 
me the snake-fence into these ploughed fields, and examine the soil: you 
win not be likely to find any 
pecimens ,vorth saving, unless it be in an 
old fence-row, for the ploughshare has ground them and the COlon has 
fed on thenl. Still, the soil is largely composed of disintegrated pot- 
tery. You may walk the furrows, examine the washes, the entire slope, 
to the east, to the ,vest-you may follow its descent to the. south-in 
every ravine, drain, or wash, you will find these remains, and you may 
possibly be repaid for your tramp by discovering among the wasted 
pottery and flakes of chert a spade, a rough and peculiarly-chipped ar- 
row-point, or a :flaked axe or chisel. But when your legs have given 
out, and you can \yalk no farther, you "Till have failed to find the boun- 
daries that limit the district over which these remains are strewed. 
Then you win sit down and ponder in amazement, and ask," What 
object ('ould these people have had in carrying their broken pans and 
strewing then1 hroadcast over so vast an extent of country, and so far 
from the salt-springs?" As you sit thinking, you feel the warmth of 
the setting sun. Its rays cast your lengthening shadow on the bin, 
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and that of the hill far over the valley of the Saline; from these shad- 
ows you obstruct the rays of light, and ii'om these glimmering rays 
you begin to realize that these simple people, who had advanced so 
far as to have learned the use 
nd value of salt, probably from the 
herds of mighty animals that C:.tlue to lap the water of the springs, or 
to lick the 
alt-impregnated eartb, had also learned that the sun dried 
a way the water and left the salt; and as they could not take the sun 
down into the valley to the water, they carried the water to the sun; 
and here on this southern slope, "Thich then, as it does now, caught 
the first rays in early morning, its noonday beams, and evening kiss, 
,vere ranged scores-proùably hundreds-of these primitive vessels, in 
which the sun, by its direct rays and heat-laden, southern breath, was 
doing the work of evaporation, yet not unaided by man. Around in 
every direction you find evidence of this, for every stone-and there 
are myriads-has been through the fire. They have been heated to 
redness and plunged into the brine. 
Now, you may say I am indulging my imagination. Wen, be it 
so. If I am, my imaginati
n keeps within the bounds of possibility; 
while yours would endow these prÏ1nitive people, whose only irnple- 
Dlents or tools seem to have belonged to the rude age of stone, with a 
skill in handling them far beyond what we in this enlightened age 
possess, with all our appliances. And you do this to give a color of 
truth to an entirely imaginary process, not sustained by a single fact. 


..
 


INSTINOT AND INTELLIGENCE.1 


By W. K. BROOKS. 


T o many per
ons the phenomena of instinct and intelligence in 
animals seem irreconcilable ,vith any theory of the evolution ûf 
organisms through the action of natural causes, but the ])opular opin- 
ion upon this suhject has undergone a very considerable change within 
the last half-century, so that the difficulty now presents itseJf and 
finds expression in a much n10re manageable fOJ'n1 than would have 
been the case a few years since. 
'Vith regard to instinct, ,ve can 
asi1y see that if animals of a 
given species arc börn with a constitutional tendency, or instinct, to 
perform a certain action under certain circumstances, this tendency 
may be improved and perfected by natural selection, provided favor- 
able variationR appear, and be inherited. If instinct varies in the 
different indh"iduals of a species, the struggle for existence "rill result 
] A lecture from a course on " Biological Theories," delivcred at tbe Jobns Hopkins 
rniycrsity) January, 1877. 
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in the destruction of those in .which it is imperfectly or abno'rmally 
developed, and the preservation of those individuals '\vhich exhibit 
any advantageous variation. 
In order to place the phenomena of instinct upon the same footing, 
with reference to natui.'al selection, as is held by other manifestations 
of life, it is only necessary to sh01Y that instincts vary, alld that these 
variations may become hereditary. 
Not a great Dlany years ago the statement that instinct varies 
among animals of the same species would ha v-e been met by a flat 
denial, but no one at all acquainted ,,'ith the subject would probably 
no,v be found to dispute it. A few examples may not be out of place, 
however. 
The oriole now builds its hanging-nest ,vith the pieces of string, 
horse-hair, yarn, and cal'pet-ravelings, which are to be found in abun- 
aanc.e about houses and barns; and I have seen a nest into "which 
three fish-lines, with their hooks and sinkers, several yards of kite-tail 
fronl a telegraph wire, and a shoe-string, .were interwoven. Of course, 
it is not natural for the bird to use such nlaterial as this, but the odds 
and ends furnished by man are much better fitted to its needs than 
the grass and fibres used by its less civilized ancestors. This change 
certainly shows power t6 improve in accordance ,vith changed condi- 
tions; but it may perhaps be said tlnlt it is not an example of change 
in an instinct, but simply in a non-hereditary habit. The fear of man, 
shown by almost all the Rmal1er animals, is- in many cases newly 
acquired, for in regions uninha1ited by man it is not sho,,-n, and it is 
only as the animals of su<:h regions learn, by generations of persecu- 
tion, that man i
 highly and peculiarly dangerous, that they come to 
avoid him; yet this fear is truly instincth'e, for it is shown by the 
young as well as by the adult. The testimony of travelers as to the 
tameness of animals in regions where they llave never been persecuted, 
is well kno\vn. For instance, Darwin, in his " Journal" of the voyage 
of the Beagle, says: "This disposition is common to all the terres- 
trial species of the Galapagos Islands, namely, to the mocking-thrush, 
the finches, wrf\ns, tyrant fly-catchers, the dove, and carrion-1)uzzard. 
All of them often approached sufficiently near to be killed with a 
switch, and sonletimes, as I myself tried, with a cap or hat. A gun 
here it;; almost superfluous, for with the nluzzl
 I })ushed a hawk off 
the branch of a tree. One day, while lying down, a mocking-thrush 
alighted on the edge of a pitcher made of th
 shell of a tortoise, 
which I held in my JJand, and began very quietly to sip the water; 
it al10wed me to lift it from the ground, \vlJile seated on the vessel. 
I often tried and very nearly succeeded in cat<>hing these birds by 
their leg
. Formerly the
e birds app('ar to have been even tamer 
than at present. Co\vley (in the year 1684) says tJlat 'the turtle- 
doves ,vere so tame that they would often alight upon our hats and 
arms, so that we could take them alive, they not fearing man until 
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such time as SOlne of our company did fire upon them, whereby th
y 
,vere rendered more shy.' Dalnpier also, in the same year, says that 
a man in a morning's walk might kill six or seven dozen of these 
doves. At present, although certainly very tame, they do not alight 
upon people's hats, nor do they suffer themselves to be killed in such 
large numbers. I
 is surprising that they have not become wilder; 
for these islands, during the last hundred and fifty years, have been 
much visited by buccaneers and whalers; and the sailors, wandering 
through the woods in search of tortoises, take a cruel delight in 
knocking down the little birds." 
Darwin also says that at Terra del Fuego a certain species of 
goose, which is Inuch hunted b)T the natives, is so 'wild that it 
is a very difficult Inatter to kill even one, although in the Falk- 
land Islands, ,vhere it is not often disturbed by man, a sportsman 
Inay somttimes kill more in a day than he can carry home. This 
goose is not migratory; but a bird of passage, the black-necked 
swan, brings with it to the Falkland Islands the 'wisdom learned 
in more dangerous regions, and is very hard to obtain. Darwin 
ends with the following comments: "From these several facts we 
mar, I tlJink, conclude, first, that the wildness of birds with regard 
to man is a particular instinct directed against him, and not de- 
pendent on any general degree of caution arising from other sources 
of danger; secondly, that it is not acquired by individual birds in a 
. short time, even when much persecuted, but in the course of succes- 
sive generations it becomes hereditary. 'Vith domesticated animals 
we are accustomed to see new mental habits or instincts acquired, and 
rendered hereditary; but with animals in a state of nature it must 
always be most difficult to discover instances of acquired hereditary 
knowledge. In regard to the wildness of birds there is no way of 
accounting for it except as an inherited habit; comparatively few 
young birds, in any year, have been injured by Inan in England, yet 
all, even nestlings, are afraid of him; many individuals, on tlle other 
hanel, both at the Galapagos and at the Falklands, have been pursued 
and injured by man, but yet have not learned a salutary fear of 
him." If instincts have been acquired gradually by natural selec- 
tion-like modifications of structure-we should expect to find that, 
like other adaptations, they are in many cases more or less imperfect. 
'Ve were formerly taught that instinct differs from intelligence inas- 
TIluch as it iR an infallible guide and perfect in its results. If 'we 
have fìhown that it admits of improvelnent, ,ye need not argue its 
imperfection; but a few examples of the failure of instinct may not 
be out of place. 1\Iigratory birds often return too early in the season, 
and perish from lack of food. The instinct which leads insects to lay 
their eggs upon or near food which is proper for the larvæ to which 
the eggs will in time give rise, although the adult inseet may feed 
upon something quite different, is a very wonderful and beautiful 
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provision of Nature, but it has been shown to ,fail signally in some 
cases. Certain flies lay their eggs upon decaying anilnal matter, in 
order that the maggots may find an abundant supply of proper food; 
but the flies are sometilnes lnisled by the odor of a species of arum, 
and lay their eggs upon the leaves of the plant. The young, of 
course, perish as soon as they are hatched, for they are unable to Emb- 
sist upon vegetable food. The presence of a certain odor stands in 
relation to the existence of l)utrid flesh, and there is in the fly a cor- 
responding relation between the sensation cau
ed by this odor and 3 
tendency to deposit her eggs. That is, the relation between a certain 
sensation and a certain action is in harmony ,vith another relation 
between two phenomena, external to the fly; but this adju
tment is 
not quite perfect, since the odor of the arum-plant, which is not th(\ 
right odor, does what nothing but the odor of putrid meat should do. 
The trap-door spider makes for its dwelling a round })o]e in the 
ground, which it lines with silk and co'"ers with a lid or trap-door, 
tastened \vith a 11inge and lying even with the ground, and fitting so 
exactly that it is no easy matter to find the hole, even ,,
hen the ani- 
mal has just been seen to enter it. To render the deception still more 
perfect, the top of the door is sometimes covered 'with living mosses 
and lichens, which the spider is supposed to plant in this place; the 
whole apparatus is very wonderfully made, and we can hardly admire 
sufficiently the instinct "which enables the animal to construct it. 
This instinct may lead to a great 
istake, for a 'close observer of the 
habits of this animal-J. T. l\loggidge-found a nest in Eandy soil, 
where there was no Yegetat
on. The lid had its u
ual coyer of moss, 
although this failed to answer its pnrpose, for the little ronnd spot of 
verdure made the nest very conspicuous instead of helping {o hide it. 
The })rocess of fish-culture furnishes a good illustration of the imper- 
fection of such highly-important instincts as tllose concerned ,,,pith the 
perpetnation of the species. It is found that if trout, white-fish, shad, 
or nlany other species, are aHowed to lay their eggs in the natural 
manner, a yery great proportion-usually nluc11 more than balf-fail to 
be fertilized, and of the remainder many are destroyed by crowding 
and lack of fresh water; many more are buried by sediment ,.01' carried 
away by the current, so that only a very few develop and give rise to 
young fish; and many of the young are so ".eakened by the unfavor- 
able conditions to which they have been- exposed that they are unable 
to free themselves from the remains of the egg-
bell, so that the num- 
ber hatchf'd is very smaH inde(}d as compared ".itb tlle number of 
eggs. To obviate this, the male and female fish are caught just 
before the time at ",-I1Ïch the eggs are deposited. These are pressed 
out of the body of tbe lllother, 3.rtificially fertilized, and placed in 
proper hatching-boxes, and in this way the IHlmber of young is in- 
creaseò many hundred per cent. It is no exaggeration to 83Y that, as 
compared witb the artificial, the natural method of propagation among 
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th.ese fishes is crude and faulty in the greatest degree. Nor can it be 
said that this 'wastefulness is compensated by the great number of 
eggs, for the production of so many eggs by the mother involves a 
grea.t expenditure of force, which might be saved by nlore highly-de- 
veloped instincts. 
In view of all the instances given, J think .we lTIay conclude that 
instinct is not a fixed, immutable, perfect law and guide, but an im- 
perfect, iluprovable, gradually-acquired method of adjusting actions 
t.o the surrounding conditions; and therefore subject to slow perfec- 
tion through the survival of the fittest variations. Let ns now see 
whether animals possess other mental pow.ers than the instinctive; 
whether they exhibit any faculty which may properly be called intel- 
ligence. No one doubts that most of our domestic animals admit 
of individual improvement or education, but it may be said that this 
improvement is due to man's intelligence, not to that of the animals 
themselves. There is abundant proo
 however, that animals are 
capable of much individual improvement in' a state of nature. You 
can't catch old birds with chaff; and a new trap partakes of the prop- 
erties of a ne\v broom. .l\lorgan, in his hook on "The American 
Beaver and his 'V orks," says that beaver-houses are often found of a 
construction very inferior to the average; and that, according to the 
Indians, these are the ,york of young animals which ])a\'e not yet 
completed their education. Everyone who has studied the habits of 
. cats knows how frequently they fail to raise their first 1itter of kittens, 
and a very careful observer tells me that this is true of white mice to 
a much greater degree. 
Leroy, a ,vriter of the seventeenth century, and a very reliable au- 
thority, says that there is a marked inferiority in the nests made by 
young birds, and that the best and most complicated nests are made 
by tl)ose species of birds whose young remain a long time in the nest, 
and thus have more opportunity to see how it is made. 
He says that not only are the nests of young birds badly made, 
but that very unfit places are chosen for then1, and that these defects 
are remedi{'d in tinle when the builders have been instructed by their 
sense of the inconvenience they have endured. 'YilSOIl like,vise 
claimed that there is a very perc
ptible inferiority in the nests of 
young birds. To one at- all fan1Ïliar 'with animaìs, the fact that each 
individual undergoes a process of intellectual development and self- 
education is so familiar that it seenlS strange that anyone should 
question it; but, as' the contrary statenlÜllt is still occasionally met 
with, it seemed proper to give the above instances of iUlprovement. 
The fact that dogs drealn, and under circumstances of peculiar 
hardship and misfortune become crazy, seenlS to indicate a very close 
similarity between their minds and ours. and no one ,vho has seen 
. , 
an idiotic or half-\vitted dog can doubt that an ordinary dog has a 
mind to lose. 
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Dr. Kane tells us that one of the Newfoundland dogs which spent 
two arctic winters with him was so oppressed by the darkness and 
solitude òf the long night, and so reduced in strength by hardship 
and cold, that it at last became insane, and manifested all the symp- 
tOlllS which were observed in some of the human beings of the party 
who were affected in the same way by the sanIe causes. 
l\IallY animals, poultry for instance, have special cries for special 
purposes: an alarm-cry to indicate danger; a call to announce the dis- 
covery of a supply of food; a maternal" cluck" to keep the brood of 
(>hicks together; and several other cries, each of which has a meaning. 
These cries are undoubtedly produced and understood by the fowls 
instinctively, but the process by which man learns to recognize them 
and to understand their meaning is purely intellectual. The farmer's 
dog learns to distinguish and understand them as ,,,ell as the farmer 
himself, and knows when he may be unconcerned, and when he is to 
go to their defense; and there is not the slightest reason to dou1)t 
that he acquires his knowledge, as man does, by a process of obser- 
vation, Inelnory, and thought. Instances of intelligence among the 
higher mammalia could, of course, be indefinitely nlultiplied, but it 
does not seem necessary to a\vell upon the subject here. I will, how- 
ever, give a few examples of what seems to be intelligence among 
the lo\ver anilnals. I think it was Lubbock \vho observed a spider 
".hich \vished to raise a captured wasp to a more elevated portion of 
the web. Finding it too heavy, it.stopped its efforts and gnawed off 
t,vo of the wings, anil then made a second attempt. As it was still 
too heavy, it lightened it ,still further, and again tested it, and re- 
peated the process until it had reduced its load to a manageable size. 
I anl unable to give the authority for the following, but think the 
account was pnb1ishl'd in Nature some years since: A gentlenlan 
found a small dead bird and impaled it upon a stick, and stuck the 
other end of the stick into the ground near sonle " scavenger" beetles. 
The instinct which leads these insects to bury dead birds and other 
animals as a p'rovision for the wants of their young is well known. 
In this. case they soon found the bird-but how .was a Lird perched 
upon an upright stick to be buried in the ground? After. some con- 
sultation they resorted to the very clever expedient of digging up 
the stick, and then digging a bole large enough to IJury both bird 
and stick. Although this seems very like intelligence, it may possi- 
bly he explailled as a case in which t he ordinary instinctive habit of 
the animnl aceiùentally fitted an exceptional demand upon it. 
]\[any of the actions of ants, however, do not admit of any such 
interpretation. "Then t,vo armies of ants of different species leaye 
their hOlnes at the same tiIHe, arrange themselves in ranks, and marc}) 
to a point of 111eeting, and engage in battle". thl'Y exhibit, not silnply 
proofs of concerted action, but evidencl's tllat they can arrange and 
plan to Ineet extraordinary and unusual emergencies. 
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Of the actions ,vhich organisms perform in order to accomplish a 
purpose, some, like those to ,vhich I have called your attention, are to 
be placed above, others belo,v instinct. l\Iany of 
he actions of plants, 
such as turning the leaves toward the light, the tendency of the roots 
to grow downward, and the closure of the flowers at night, remotely 
resemble instinctiv
 actions. In some the resemblance is more per- 
fect-the groping of tendrils for support, for instance. Prof. Gray 
gives the following account of this action: "'Yhen a twining stem 
overtops its support, the lengthening shoot is seen thrown over to one 
side, and usually outstretched. One might snppose that it had 
allcn 
over by its weight, but it is not generally so. If turned over, say to 
the norUl, when first observed, it \vill probably ùe found reclining to 
the south an hour or two later, and, an hour later again, turned north- 
,vard: that i
, the end of the stem sweeps round in a circle con.. 
tinually like the hand of a clock. It keeps on gro,ving as it revolves; 
but the revolving has nothing to do with the growth, and indeed is 
often so rapid that several conlplete turns may be made before any 
increase in length could be observed. The tinle of revolving varies 
in different species. It also depends upon the 'weather-1eing slow or 
imperceptible when it is cold, and lnore rapid when it is ,varmer. 
Sometimes it stops ,vhen everything seenlS favorable, and starts again 
after a ,vhile. rrhe hop, bean, and morning-glory, are as quick as any. 
In a sultry day, and ,vhen in full vigor, they comnlonly s\\Teep round 
. the circle in less than t,vo hotll's. They move by night as "Tell as by 
day. This sweeping is the cause of the twining. The 
t('m sweeps 
round in order that it may reach some neighboring snpport; as it 
grows it sweeps a wider and wider space, that is, reaches farther and 
farther out. 'Vhen it strikes against any solid body, Eke the stalk 
of a neighboring plant, it is stopped; but the portion beyond the con- 
tact is free t.o move as before, and, continuing to luove on and to 
lengthen, it necessarily winds itself round the support, that is, twines." 
The suòden closure of the leaf of the Venus's-flytrap, as soon as it is 
touched by an insect, and the excitement of tJH
 glandular hairs upon 
its surface, still more clos('ly resemble the instincti,.e actions of ani- 
luals, and we here find the po\ver to distinguish hetwe(1n different 
foreign bodies, for Darwin has shown that, although the lea.f \vill close 
upon a s[na11 piece of meat, it is not excited by contact with a small 
piece of gla
s. In anilnals \ve nleet with a large ('lass of what are 
called reflex or autonlatic actions, and t])ese are perhaps a little 
nearer to true instinctive actions than most of those perforrned by 
plants. Such are the actions of the various organs concerned in di- 
gestion, which are passive until the presence of food calls them into 
action, when they at once begin their werk. A little higher-arc those 
actions which may be performed or controlled by volition, although 
they are usually automatic; such as winking to protect the eye frolll 
injnry, and the act of throwing out the arnlS when in danger of fall. 
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ing. These are commonly spoken of as instinctive actions, but it is 
impossible to separate them from tbe class last spoken of: A little 
higher than the reflex actions are the truly instinctive ones, as a 
type of ,vhich we Illay take the actions of some very young chickens, 
experÏlnented upon by 1\11'. Spalding. In a paper read before the 
British Association, this experinlenter says: "Chickens hatched and 
kept in the dark for a day 01' two, on being placed in the light nine 
or ten feet from a box in which a brooding hen ,vas concealed, after 
standing chirping for a n1Ïnute or two, uniformly set off straight to 
the box, in ans\ver to the call of the hen, .wldeh tlJey had ne,ver seen, 
and never before heard. This they diel, struggling through grass, 
and over rough ground, when not able to stand steadily on their legs. 
1\gain, a young llawk 'was nlade to fly over a hen ,vith her first brood 
of chickens, then about a week old. In the twinkling of an eye most 
of the chickens were hid among the grass and bushes; and scarcely 
had the hawk touched the ground, about twelve yards from .where 
the hen had been sitting, when she fell upon it, and would soon have 
killed it outright. A young turkey gave eycn more striking evidence. 
'Vhen ten days old it heard the ,'oice of the hawk for the first tilDe, 
and close ùeside it. Like an arrow fIoln a bow it darted off in the 
opposite direction, and crouched in a corner, and remained for ten 
lninutes motionless and dumb with fear." These examples will serve 
as illustrations of pure instinct, and 'we "Will pass now to actions which 
are superior, but obviously similar, to the instinctive ones. Ac- 
tions which are frequently repeated 'become lwbitual, and habits of 
long standing become so firmly fixed that the actions are performed 
unconsciously, and, ai it ,,:ere, instinctively. 
1\lost of us can remenlber the labor and pains ,,,hich ,,
ere required 
jn order to learn to write: the conlparatiyely easy acquisition of the 
art of making do,vn-strokes, and the tendency, which we adhered to 
so obstinately, to form all our letters ,,,ith down-stroke
, and to fill 
in the cur, es and shading aftpr\vard. Anyone who has "watched a 
child 'writing has observed tIle necessity under which it labors for 
counting the bends to distinguiBh an 'In from an'll, and the tax which 
an hour's writing inflicts upon all its hodily and 111('ntal powers. Con- 

tant practice 
oon renders writing }la1)itual, and the necessary mus- 
cles ac
 mechanically, :30 that "
e 3re a hIe 10 give 3lJ our attention to 
the intel1ectnal part of the process, wl}ile th
 writing is done witl10nt 
any effort or attention. A well-drilled soldier performs the })roper 
evolution at th
 word of command, although he may be so preoccu- 
pied or so fatigued as to be perfectly unconscious of his actions. 
Such l}abits are remarkably persistent; especially when they are ac- 
quired early in life, and they haye nothing to distinguish them from 
instinctive actions except that they are unconscious. 
They ßre often performed involuntarily, and even in opposition to 
a previous deterrnination. Street-car horses soon learn to stop and 



INSTINCT AND I1VTELLIGENOE. 


593 


start at the sound of the car-bell, and I once saw an obstinate horse, 
which had resisted every other means of persuasion, start at the 
sound of the bell and get the car fairly under ,yay before he had time 
to think ,,
hat he was doing. 
Everyone remembers the story of tIle old pensioner who received 
the comnland " Attention" fronl a by-stander ,,'hile he was returning 
from market 'with his dinner in his hand. At the word of command 
he instantly and mechanically dropped his dinner in the mud, and took 
the proper position. Occasionally in man, and quite frequently in 
other animals, these }}abits of long standing are transmitted to the 
next generation, and, as they are then independent of individual ex- 
perience, they are true instincts. Although the art of writing is not 
inherited, the particular style of handwriting is very often hereditary. 
The act of pointing or setting in dogs would be a great disadvantage 
to wild animals, and there is every reason to believe that it has been 
very recently acquired by a few breeds of domestic dogs; yet it is 
frequently inherited in its highly-developed 'form, and the transmis- 
sion of a slight tendency in this direction appears to be general. The 
following seems to be an instance of the appearance in the second 
generation, as an instinct, of an acquired habit. A correspondent of 
Natu/re says: 
"A few years ago I bought in Skye a perfectly uneducated SkJ
-terrier. 
The first accomplishment whicb I taught him was that of 'sitting up '-an 
accomplishment which be bad great difficulty in acquiring. This was not owing 
to any stupidity on his part, for when be bad once passed over this pons asino- 
rum of dog-performances, he proved to be a very clever animal, and learned 
many other tricks with great ease. He appears never to have forgotten the 
pains which were taken to teach him his first trick, and to have judged there- 
frOln that there is great merit in sitting up. Not only does he rely upon tbis as 
a last resource to move me to take him out, or not to whip him, but 11e judges 
that it lllUst soften the heart of an India-rubber ball. Sometimes, when an- 
noyed at his playing with this, his fa\orite plaything, I have placed it on a 
chimney-piece, and turned my attention elsewhere. 
"On looking round again, I have seen my dog sitting np to the India-rubber 
ball, evidently hoping that it would jump down and play with hhn again. My 
dog is now the father of a family, and one of his daughters, who has never 
seen her father, is in the con.stant habit of sitting up, although she has never 
been taught to do so, and has never seen others sit up. She is especially given 
to this performance when any other dog is being scolded. 
"Whether this is an instance of helping a fellow-animal, of wbich Mr. Dar- 
win gives so many curioùs examples, or whether the dog simply nopes to avert 
the storm from her own head, the fact appears to me patent that this dog has 
inherited the impression that sitting up has some special virtue for turning away 
wrath. " 


A little higher than the habitual actions are those which are so 
complicated, or occur so rarely, or depend upon such delicate combi- 
nations of conditions, that they never become habitual-that is, they 
VOL. XI.-38 
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are never perfornled .without thought, although we may be able to 
group tpem into classes, and to guide our conduct by general rules or 
principles, either established by experience or accepted upon the 
authority of others. The resemblance between these actions and 
the instinctive ones is recognized in conlnlon speech, for we often hear 
it said of a person who is guided in the main, in this ,vay, by general 
rules, and is often unable to assign any reason for a particular course 
of conduct, that he or she is a person of fine natural instincts. 
The actions of the sailor, who guides his movements by the weath- 
er reports from the Government Signal-Office, without understanding 
or caring much about the way ill which the reports are made out, are 
still more rational, and further removed from instinct, although they 
evidently fall into the series, and have much in common with those 
actions last mentioned. Finally, the actions of " Old Probabilities" 
himself belong to a still higher class, and are eminently rationa1. 
Reyiewing the ground which we have passed over, 'we find that 
living things present us with a series of more or less related ac- 
tions. 
First, we have the Inecllanical and reflex actions of plants and 
animals; then the instinctive action, then the hereditary habit, then 
t.he acquired habit; ne'xt the action governed by a general rule, 
established by experienc
; and finally the rational action. 
Great as seems to be the difference between the two extremes of 
this series when considered by themselves, it is possible to pass from 
one to the other through a series of intermediate actions, without the 
necessity for any great jl
mp in any part of the series; and it is plain 
that, great as arc the differences between them, they all have some- 
thing in common. Let us try to discover what this something is. 
All the actions which we have been examining are alike ill this, that 
they are directed to the accomplishlnent of a purpose. The root 
grows do\vnward in order that it may reach water. The leaf turns 
,vith the sun in order that it may receive a greater supply of heat. 
The fly-trap closes upon its prey and pours forth its secretion in 
order that it maybe supplied ,vith food. The vine twines in order 
that its long, slender stem may be supported. The digestive organs 
perform their various functions that the body may be nourished and 
its waste supplied. The eyelids close. in order that the eye may be 
shielded from danger. 
The chick instinctively seeks its lnother that it may be protected 
and fcd; and it hides frOll1 the ha,vk to save its life. The dog begs 
and the soldier goes through his manual to escape punishment, or to 
gain a reward or approbation, or perhaps from a combination of all 
these motives with still higher ones, but in any case to accomplish a 
purpose. The sailor watches the weather-predictions and regulates 
his actions accordingly, in order that his voyage may be finished as 
safely and quickly as possible. And the sig:lal-officcr publishes his 
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predictions in order that the public ma.y be informed as to the proba- 
bilities of change. 
It may be said that in the last two or three -cases the purpose is 
intelligently appreciated, and that they are thus separated by a sharp 
line fl'om the others; but this distinction gradually shades off and 
disappears as an action becomes habitual, and as soon as the habit 
becomes hereditary it nlay be entirely wanting. 
The well-drilled soldier goes through with his evolutions without 
a thought as to his reasons for doing so, and nearly every middle-aged 
business-man of methodical habits probably recollects finding himself 
at his place of business on a holiday without knowing how or why 
he came there. One characteristic of these various actions is, then, 
that each has a purpose. Another is that, although the object of tbe 
action is the accomplishment of a purpose, the cause of tl1e action is 
a change, external to the organism and distinct from the purpose. 
The leaf of the Venus's-flytrap closes, a
d the digestive organs 
of an animal do their work, not because food is needed, but because 
they are excited by the presence of a foreign body. The dog points 
because he scents :1 particular odor, not because he wishes to do his 
duty. The soldier assumes his position because he hears the word of 
command, etc. The actions which are the subject of our present lect- 
ure stand, then, in a double relationship. They are pxcited by cer- 
tain external changes, and they have for their object the accomplish- 
ment of a purpose. I-Ierbert Spencer has expressed this dual rela- 
tionship in a simple formula. According to him, these and all other 
peculiarly vital actions consist in "the adjustment of internal rela- 
tions to external relations." This is not very lucid when stated ab- 
stractly, but pf'rhaps an example win help to make it clear. If I 
kick a stone, I may move it a greater or less distance, and set np some 
slight molecular change ,vithin it, and hurt my foot., perl1ap
. If I 
kick a dead dog, the result is the same; but, if the dog is alive, I shall 
find that an these results follow, and something more. The n10lecu- 
lar change in the nerves of the dog gives rise to or excite
 a series of 
actions adapted to meet my attack and to prevent further injury. 
There is a relation, external to the dog, between the kick and a dispo- 
sition to do him further violence; anrt thpre is an internal relation in 
the dog between the sensation caused by the hlow and a desire to 
escape the violence which is to follow; and whether he crouches and 
supplicates, or puts his tail between his legs and runs, or returns my 
attack, he simply adjusts internal relations to external relations. 
There is a relation between a downward direction and the presence of 
water in the ground, and to this relation the roots of the plant re- 
spond. . 
There is a relation between the presence of a foreign body in the 
stomach and food to be digested; and accordingly, wl1ûn the stom- 
ach is excited by the sensation of contact with a foreign body, it be- 
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gins its work-that is, there is an adjustment between tbe internal 
relation of a certain sensation to the digestive process and the exter- 
nal relation bet,veen the presence of foreign matter in the stomach 
and food. 
There is a relation between the sudden approach of a body toward 
the eye and danger to tbat organ, and to this relation the nerves and 
muscles are adjusted. There is a relation between a peculiar" cluck" 
and the presence of the mother-hen, and to this relation the chick 
responds. There grows up in the mind of the soldier a connection 
between the word" attention" and a particular attitude, and when he 
feels the sensation caused by the conlmand, he at once, and uncon- 
sciously, performs the muscular movements necessary to aRSUlne that 
position; that is, there is an adjustment between the internal relation 
of a certain sensation to certain muscular 1110Velnents and the exter- 
llal relation of a certain cOlnmand to the necessity for assun1Ïng a 
given position. The 
ailor learns that there is a relation between cer- 
tain signals and stormy weather, and to tbis relation his actions are 
adjusted. Finally, Generall\feyer finds that there i8 a relation between 
low barometric pressure in certain parts of the country and a liability 
to storms in other regions, and to this external rclation he adjusts his 
actions. 
The kind of external change to which an organism may respond 
of course vai-ies greatly in different cases, both in constancy and com- 
plexity. The Venus's-flytrap is adjusted only to relations between 
objects on the surface of the leaf and in contact with it, but an animal 
with even rudimentary organs of sense may respond to changes which 
occur at a distance. Even the simple capacity to distinguish light 
from darkness is enough to enable an animal to percei v-e a distant 
body between it and the sun, and to adjust its actions accordingly. 
As we ascend to creatures having more developed eyes, we find an 
increase in the sphere of surrounding.space throughout which external 
relations can establish corresponding internal relations. A slight con- 
yexity of the epidermic layer lying over the sensitive tract first serves, 
by concentrating the rays, to render appreciable less marked varia- 
tions in the quantity of light, and thus brings into view the same 
bodies at a greater distance, and smaller or less opaque bodies at the 
same distance. From this point upward, through the various types 
of aquatic creatures to the higher air-breathing creatures, we trace, 
under varioul;} forms and modifications, a complicated visual ap.paratus 
and a widening space through which the correspondence extends. It 
is needless to go into details. I-IypotIleses and illustrations aside, it 
is obvious that from tbe polyp, which does not stir till touched, up 
to tIle telescopic-eyed vulture or the far-sighted Bushman, one aspect 
of progressing life is the greater and greater remoteness at which visi- 
ble relations in the environment produce adapted relations in the 
organism. The extension of the 
orrespondence in space does not end 
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with the perfecting of the senses. In creatures of comparatively ad- 
vanced organization there arise po,vers of adjusting inner relations to 
outer relations that are far too remote for direct perception. The nlO- 
tions by which a carrier-pigeon finds its way home, though taken a 
hundred miles away, cannot be guided by sight, smell, or hearing, in 
their direct and simple fonns'. Chased animals, that make their way 
across the country to places of ref
ge out of view, are obviously led 
by combinations of past and present impressions 'which enable them 
to transcend the sphere of sense. And thus also must it be with creat- 
ures which annually migrate to other lands. 
In man, this secondary process of extension is carried still further. 
Though the correspondences he effects by immediate perception have 
a narrower range than th
se of some inferior creatures, and though 
in that species of indirect adjustment just exemplified he is behind 
sundry ,vild and domesticated animals, yet, by still more indirect 
means, he adjusts internal relations to external relations that are inl- 
mensely beyond the appreciation of lower beings. By combining his 
own perceptions with t.he perceptions of others as registered in maps, 
he can reach special places lying thousands of miles away over the 
earth's surface. A ship, guided by compass, and stars, and chronom- 
eter, brings him from the antipodes information by which his pur- 
chases bere are adapted to prices there. From the characters of 
exposed strata he infers the presence of coal below, and thereupon 
'adjusts the sequences of his actions to coexistenceR a thousand feet 
underneath. Nor is the environment through which his correspond- 
ences reach limited to the surface and the substance of the earth. It 
stretches into the surrounding sphere of infinity. It was extended to 
the moon when the Chaldeans discovered bow to predict eclipses; to 
the sun and nearer planets when the Copernican s).stem was estab- 
lished; to the remoter planets when an improved telescope disclose{} 
one, and calculation fixed the position of the other; to the stars 'when 
their parallax and proper motion ,vere measured; and, in a vague 
way, even to the nebulæ when their composition and forms of structure 
,vere ascertained. At first sight, no tw'o things could seem to have 
less in common than the tendency of a sprouting potato to grow tow- 
ard the light, and the pr
parations made by human beings for such a 
rare, and distant, and complicated event as a transit of Venus; yet 
each is, objectively considered, an adjustment of internal relations to 
external relations, and the two phenomena are so well connected 
by intermediate forms that there can be no doubt of their rela- 
tionshi p. 
Physiologists are gradually proving the statement that these and 
an other vital changes are, in uHimate analysis, c}langes'in the proto- 
plasm of the body, and that they are not brought about by any pecul- 
iar vital force, but are the direct outcome of the physical and chemi- 
cal structure of the protoplasm itself; so that vital changes, considered 
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sitnply as changes, must not be regarded as peculiar, and fundåmellt- 
ally unlike the changes of inorganic matter. ' 
VitaI' changes cannot, however, be regardeù as changes simply 
stauding by themselves, for, if ,ve overlook their aùjustInent to the 
accomplishment of a purpose, we omit their nlost essential character- 
istic. 
In so far as the contraction of a muscle is simply a change, it is 
without doubt purely physical; but in the adjustment of this change 
to a relation between external changes, in its adaptation to a purpose, 
we have something which has no parallel except in living things, and 
perhaps some of man's contrivances, such as the automatic governor 
of the steam-engine. Living things are distinguished from those 
which have not life by their adjustment, and 1ife consists in this ad- 
justment. Sluall as this difference seems when stated abstractly, 
and unimportant as it appears to be ,vhen we contrast such an organ- 
ism as an amæba, with its simple and almost mechanical power of 
retracting its pseudopodia upon irritation, and such a highly-com- 
plex and changeable inorganic being as the ocean, yet, considered not 
in itself but in its adjustment to external relations, this power in the 
amæba separates it very \videly from all inorganic fornls of existence, 
and connects it with the highest Inanifestations of life; for the series 
of adjustments of which that of the amæba is one of the billlpiest may 
be traced almost ,vithout break up to the l1l0st rational actions of 
man. A vorticella contracts and folds down its circlet of cilia ,,,h(,11 
touched, because there is a connection between violent contact and the 
presence of danger; and t,his recognition of a connection between the 
changes of the external ,vorld is knowledge of the order of Nature, and 
this, in its higher forln, is experience, anJ experience implies nleIllory, 
and menlory and experience are forms of consciousness. Thus ,ve 
are able to understand the meaning of such expressions as that of 
I-Iaeckel, that li,'ing things are distinguished from the not living l)y 
the possession of luelnory. It seems best to restrict the use of such 
purely subjective terms as mérnory and experience to the higher 
forms of conscious life, but we must not overlook the fact that the 
existence of an adjustnlent between internal and exter
al relations 
implies something fundamentally like the memory of higher animal
. 
Finally, I wish to call attention to the fact that natural selection 
is constantly acting through the law of tlle survival of the fittest., in 
such a way as to bring each organism into more and nlore perfe('t 
harmony with its environment; that is, it is constantly bringing about 
a more and lnore exact, definite, and perfect adjustment bet,yeen ex- 
ternal and internal relations. If this adjustment constitutes vitality, 
and if natu
l selection furnishes an explanation of the Dlanner in 
w'hich the adjustment has been brought about, have 'we not, in the 
law of natural selection, an explanation of the origin of life ?-not 
of course of the origin of the Dlatter of life, nor of the changes of 
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which life is made up, nor of the production of living beings, but of 
the origin of those attributes Ly ,vhich living things are especially 
characterized, and in which they differ from all other forms of exist- 
ence. 


.., 


SCIENCE AND ,V AR. 


By II. BADEN PRITCHARD. 


R ECENT wars have had particular interest for the man of science. 
If we go back some fifteen or twenty years and consider the 
different wars ,vhich have unfortunately occurred since that time, we 
shall find connected ,,
ith each one of them certain features which un- 
doubtedly mark progress in the art of kílling and woundíng. Some 
al.gue-and on very good grounds, no doubt-that the more sharp 
and terrible ,varfare is made, the more speedily must it come to an 
end, and hence look with favor upon the means taken every day to 
rend"er weapons more destructive and the soldier more cunning in his 
dangerous trade. vVe do not propose to discuss this argument, nor to 
enter at all into any comparison between the wars of our forefathers 
and those of to-day, but at a crisis like the present ,,"'e need hardly 
apologize for bringing before our readers some points illustrating the 
. marked influence of science upon modern ,varfarc. 
Staloting from the close of the Crimean 'Var, the first in .which the 
electric telegraph was employed, ,ve find ample examples of the as- 
sistance furnished to the soldier by scientific research. One instance 
taken from the ,var of 1858 is especially interesting. The Austrians 
held Venice at the time, it may be remembered, and, to protect the 
harbor, torpedoes "Tere laid down. The torpedoes were fired by elec- 
tricity, and contained gun-cotton, this being the first instance on 
record of the employment of electric torpedoes ana of th
 newly- 
invented nitro-conI pounds. Nor "
as this alL The torpedo sy
tem 
devised at Venice by the Austrian engineers had yet another point 
of scientific interest. A camera-obscnra was built overlooking the 
harbor, and npon the wh
te table of this instrument were reflected the 
,vaters of Venice. As the torpedoes were sunk one by one a sentinel 
in the camera noted tbe place of their disappearance with a pencil, 
giving each torpedo, a consecutive number. A row-boat in the harbor 
described a circle around the sunken torpedo, indicating the zone of 
its destructive power, and the sentinel again, with his pencil, made a 
corresponding ring upon the camera-table. In the end, therefore, 
while the harbor itself ,vas apparently free from all obst.ruction, a ,"cry 
effective means of torpedo-defense wa's cstablished, the key of w.hich 
was only to l>e found in the camera-obscura. The sentinel here had 
wires in connection with e,rcry torpedo, and was in a position to fire 
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a.ny one as soon as be obsei'vcd-by means of the camera-tl)e pres- 
ence of a hostile vessel ,vithin tIle limits of any òf the circles marked 
upon his 'white table, 
In the ..American 'Var of 1860, the electric torpedo, invented but 
two years before, played a most conspicuous rôle, and formed indeed, 
'with the use of big guns and nlonitor iron-clads, one of the most im- 
portant features of the struggle, at any rate from a scientific point of 
vic,v. The war of 1866, when the Austrians suffered such a terrible 
defeat at the hands of the Prussians, will long .be remembered as a 
combat between the old muzzle-loading rifle and the breech-loader, in 
,vhich the latter was victorious. The Franco-Gernlan struggle of 
1870, again, though marked by the employment of no special ann, if 
we except the mitrailleuse, was assisted by important applications of 
science; to wit, the reproduction, by means of photo-lithugraphy, of 
the :French ordnance maps and plans, which were distributed in thou- 
sands throughout tbe German army, and the establishment in France 
of la poste aérienne to communicate ,vith the besieged garri!5on of Pari8. 
"fhe regularity with which the mails left Paris par ballon 'Jnonté must 
still be fresh in the memories of our readers, tbe publication of corr
- 
spondence from the French capital being maintained in our journals 
during the ,vhole period of the investment. From September 23d to 
.J anuary 28th, when Paris ,,"'as practically cut off from the rest of tbe 
republic, no less than sixty-four balloons left the city ,vith passengers, 
luaits, and pigeons, and of tbese only three wer.e lost, ,vhile five 'were 
captured. The return-post by "homing pigeons" was IJard]y so regu- 
lar, but nevertheless half the number of dispatches given in by corre- 
spondents at Tours and eisewhere, or in other words 100,000 nles- 
sages, ,vere by the unflagging energy of the postal autboriti
s carried 
into the beleaguered capital. rfhe dispatches, nlost of them as brief as 
telegrams, ,vere distinctly printed in broad sheets and })hotoglaphed 
by the aid of a micro-camera; impressions upon tlJin, transpart ut films 
were then taken and rolled in a quill attached to the tail of the winged 
messenger ,vhich "vas to bear them into Paris. Arrived at their des- 
tination, the tiny photographic films were enlarged again by the 
camera, and the dispatches, being once more legible, were 9istributed 
to the various addresses. 
The present Russo-Turkish War cannot well be less interesting 
than those that have so recently preceded it, and we may especially 
point out two directions in which fresh exanlples of scientific war- 
fare will probably manifest themselves-in connection, namely, with 
the cayalry pioneer and the 'Vhitehead torpedo. Both of these will 
probably be seen in warfare for the first .time, and before nlany days 
are past we may hear of their doings in action. 
The cavalry pioneer must not be confounded with the Prussian 
Uhlan who played so conspicuous no part in the last "rar. The ubiqui- 
tons Ublan, terrible as IJC was, did not work the injury ,vhich Bonle of 
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the Cossacks will have it in their power to inflict if accoutred as pio- 
neers. These are selected from the smartest and nlost daring troop- 
ers, lightly armed and well mounted. In a belt round their waists 
they carry a few pounds of gun-cotton or dynamite, and with this 
highly-destructive explosive they nlay work incalculable harm. .A. 
small charge of gun-cotton placed simply upon a rail and fired with a 
fuse suffices to blow several feet of the iron to a distance of many 
yards, thus rendering tbe railway 'unserviceable on the instant. A 
trooper may dismount, place a charge at the base of a telegraph pole, 
fire it, and be in his saddle again within sixty seconds. 'Vires may 
thus be cut and communication stopped in the heart of an enemy's 
country by fearless riders, who have but to draw rein for an instant 
to effect the mischief, ,vhile lines of railway in the neighborhood are 
entirely at their rnercy. E\Ten light bridges and well-built stockades 
may be throwll down by the violent detonation of compressed gun- 
cotton, and forest-roads consi.=lerably obstructed by trees thrown 
across, which are never so rapidly feUed as \vhen a small charge of this 
explosive is fired at their roots. 
The influence of the Whitehead torpedo, of which we have heard 
so luuch of late, win likewise be felt 
or tbe first time during the pres- 
ent war. An implement so ingenious in its character that, as Lord 
Charles Beresford the other day happily remarked, it can do almost 
anything but talk, is in the possession of both belligerents, and will 
doubtless be heard of ere long on the Danube 
 nd in the Black Sea. 
These torpedoes are manufactured at Fiume on the l\Iediterranean, 
ani!, like I{rupp gnns, are to be purchased by anyone who chooses to 
pay for them. 
The British Government manufactures its own Whitehead torpe- 
does in this country, having paid several thousand pounds for the 
privilege. The machinery inside this torpedo is still a secret, which 
is strictly maintained by our Government, but the principle of the 
invention is ,veIl known. It is a long, cigar-shaped machine mea.sur- 
ing a dozen feet and upward. In the head is a charge of some violent 
exploEive, such as gnn-cotton, or dynamite, which explodes as soon as 
the torpedo strikes an obstacle. The motive power is compressed air, 
,vhich is forced into the machine by powerful air-pumps, immediately 
before the torpedo is discl1arged into the sea, no less than 600 pounds 
on the square inch being the pressure exerted. The 'Vhitehead is 
shot from a tube, and moves through the ,vater as straight as a dart, 
the compressed air '\vorking upon a screw in the tail of tbe machine. 
The delicate machinery l)ermits the torpedo to swim at any depth 
below the surface that may be desirable, and it flies straight in the 
direction it is ain1ed, at a speed of something like twenty miles an 
hour. If it fails to strike the foe, then the intelligent apparatus at 
once rises to the surface, becoming innocuous as it does so, and may 
in this condition be captured without difficulty. 
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J\ torpedo of thiH sort striking the sides of an iron-clad would 
almost infallibly send her to the bottom, and although it has been 
proved that a network or crinoline around the ship is capable of retard- 
ing the progress of a " fish" of this nature, and exploding the same 
harmlessly in its toils, it is obviously a very difficult matter thus to pro- 
tect one's craft. Against heavy torpedoes, indeed, there seems no ,vay 
of defense at all (the ",rhitehead generally carries a charge of seventy 
or eighty pounds, but moored torpedoes may contain. a 500-pound 
charge), anù therefore Turkish vessels will have to give Russian ports 
a wide berth. All must remember how the magnificent fleet of the 
French was kept at bay by the torpedoes of the Germans in the North 
Sea ill 1870, and the Black Sea ports are no doubt sin1i1arly protected. 
So demoralizing is the clreatl of the torpedo with sai10rs a}Jparently, 
that they will dare anything rather than venture into waters which 
conceal these cruel foes. 
At no other time bas there been so lnuch want of unanin1Íty among 
tbe great powers of Europe on the subject of ordnance. There are to 
be found at the present moment cannon of a dozen different descrip- 
tions in the gun-parks of European nations, differing from each other 
not only in respect to their construction, but in the nlctalof which 
they are made. So far as small-arms are concerned, .we know there is 
but one opinion; sonle nations prefer one breech-loader to another, 
but all agree in the elnployn1ent of breech-loaders. In the case of 
cannon, however, it is different. Germany relies upon breech-loading 
'ordnance, ,yhile Great Britain has forsaken the system and gone Lack 
to muzzle-loaders; Austria makes her guns of bronze, Gennany of 
steel, Russia fayors steel and brass, America cm;;t-iron, while England 
has cannon of steel encompassed with iron, and France Wea1)011S of 
iron girt ,vith stee1. 
The balance of fayor is ùeyond question with the breech-loader at 
tl1e pref;ent moment. All the ne,v artillery of the Russians and the 
Turks is of this kind, ,,'hile the field-guns both of the Gernlans and 
Austrians are upon the same systenl. France has done noUling lately 
for the regeneration of its ordnance, and tllere remain but Great 
Britain and Italy to represent muzzle-loading artillery. . But Italy, 
although she }las adopted tbe Dritish system for very heavy guns, is by 
no means a confirmed believer in it, and ,vill doubtless hesi.tate before 
following our example very far, beset, as she is, with neighbors arnled 
,vith breech-loaders. 
Of all the powers, it is, curiously enough, steady-going Austria 
which has taken the boldest and most independent course in the nlat- 
tel' of artillery. It was but at the end of 1875 that the Austrian 'Yar- 
Office decided' to adopt the U chatius cannon for field-artillery, and yet 
at this moment every artillery regiment of the vast Austro-IIungarian 
army is armed with the new weapon. 'Yithin eighteen months no 
less than 2,000 of these cannon have been ca
t and filli
hed, and now 
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the Vienna arsenal is engaged in the manufacture of heavy guns of 
the saIne character. Never was a more energetic step taken. A new 
cannon of some sort "Tas held to be absoìutely ,necessary to uphold 
the prestige of the army, and a commission having been intrusted' 
with the selection of an arm, pronounced without delay in favor of the 
scheme brought for.ward by General von U chatius. In October, 1874, 
the first round \vas fired from a U chatius gun, and a twelvenlonth 
afterward the s,veeping reform which was to introduce an entirely 
new artillery throughout the Austrian service ,vas decided upon. 
Government sanctioned au expenditure of Æl,800,OOO to be spent in 
t\VO years, and General von Dchatius was directed to give all the 
assistalJce in his power toward the fulfillment of the design. 
The U chatius gun is made of ISo-called steel-bronze. Chilled bronze 
,vould be a better name, since U chatius casts his metal in a chilled, or 
lnetal monld, in the same manner, pretty well, as Sir "\Yillian1 Palliser 
produces his famous chilled projectiles. Bronze, as everybody knowE:, 
has been a favorite metal with gun-found
rs froin the earliest days, 
and in the East, especially, magnificent castings of this nature })ave 
been produced. About ninety per cent. of copper and ten or'tin is 
the mixture commonly employed in making ordii1ary ùronze, and cight 
per cent. of tin is the proportion preferred by U chat ins. The diffi- 
culty in casting bronze, as those ,vho have any experience kllo"r full 
well, is that of securing homogeneity, soft particles of tin becolning 
.isolated in the ma

, and giving rise to the defect known as "tin- 
pitting." 'Vhether "
e have lost the secret of bronze-casting, or whether 
in former times they were ITIOre skillful at the work, certain it is that 
founders of the present day are unable to secure so uniform an alloy 
as formerly. This was very apparent wben some eight or ten years 
ago our own Governnlent adopted, for a brief time, bronze artillery. 
The addition of "a snutll percentage of phosphorus did not Incnd nIat- 
tel's, and the highest authorities on the subject were at a loss to 
ug- 
gest an effective remedy. Onr bronze guns, too, had another defect 
which could not be overcome. After firing the bore beeame affected, 
and the weapon, as it was termed, "drooped at the muzzle." These 
were the two defects indeed that led mainly to the abandonment of 
the bronze gun in this country, and they are, too, the difficulties which 
General von U chatius appears to have overcome. lIe has got rid of 
"tin-pitting," and his guns do not" droop at the muzzle." 
U chatius founel that by suhjecting the alloy in a liquid form to 
considerable pressuI"e, he was enabled to secure a perfectly homogc- 
neous mass, a result which was also furnished, he discovered, 'when he 
had gone a step further, if the lllolten nIctal was rapidly cooled. Steel- 
bronze is apparently made much in the same ,yay as the toughened 
glass of which "
e have hearrl so much lately. After being cast in a 
lnould, the alloy is thrust into a r(
servoir of oil
 heated to a high 
temperature, so that the metal suddenly cools, but only down to a cer- 
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tain point. Then the casting is withdrawn an
 allowed to get cold 
more gradually. A regular and crystalline structure is in this way 
produced, wbich has none of the defects of ordinary bronze. It is a 
llloot point ,vhether phospl10rus enter8 into the composition at all. 
Chemists tell us they can find no trace of it, but this is no absolute 
proof that a small percentage of the element was not originaIly con- 
tained in the alloy, being burned out after it had done its work of har- 
monizing tbe two metals. The inyentor is rather reticent on the }10int, 
but in any case it is very certain that he produces a uniform and 
homogeneous alloy of a hard, crystalline nature. L 
One other expedient U chatius has recourse to in making his cannon. 
"\Vhen he has cast his gun and chill0d it, he proceeds to dilate the 
bore. Wedges of steel, shaped in tbe form of cones, are forced into 
the tube. of the gun one after another, until the calibre of the weapon 
has been increased by something like seven or eight per cent. Thi
 
expansion or dilation of the tube has not only the effect of hardening 
or steeling the core, but also of rendering the gun more elastic and 
capable of resisting more effcctually the strain put upon it at the 
moment of firing. The gun, after this process, is in a state of elastic 
tension, and it is said that there is a pressure from without, inward, 
equal to that which ,vas exerted to dilate the gun in "the first instance; 
and that this is actually tbe case can scarcely be doubted, since it is a 
fact that a section of the gun, before being quite severed, will tear 
itself loose with considerable viol
nce, and ",
ill be found on Repara- 
tion to have partially returnec1 to its former calibre. 
So far as practical tria
s }}ave been conducted with the ,vcapon, 
tIle Austrian Government have every reason to be satisfied with the 
U chatius gun, 'which compares favorably with the }{rupp steel cannon 
in the matter of accuracy and durability; while, as regards its cost, it 
is far cheaper than any other rifled ordnance. A steel field-piece costs 
upward of 1:100, even when not protected ,,,ith rings, while the iroll- 
steel w'eapon, manufactured in this country, costs about Æ70 sterling; 
the steel-bronze cannon of General von U chatius, on the other band, 
are made for Æ35 apiece. 
In construction, the Austrian gun is so similar to tbat of IIerr 
Krupp, of Essen, that the latter claimed compensation for an infringe- 
ment of his patent when the manufacture of the U chatius gun was 
first con1menced. The Esscn ,vorks, our readers nlay kno"r, supply 
not only Germany ,vitb steel breech-loaders, but have provided the 
present belligerents with all their modern artillery. Russia has still 
many brass cannon on ]}and, and Turkey a goodly number of Arm- 
strongs," but both powers mainly depend upon their steel I{rupps. 
These stood the German army in such good stead during the last ,val' 
that thcir reputation is firmly established. They are of crucible steel, 
and the breeçh, instead of being upon a hinge, or in the form of a 
block, moves round in a D-shaped socket, the escape of gas being 
further prevented by rings of phosphor-copner. 
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The manner in \vhich tbe ordnance of this country is constructed is 
sufficiently familiar to our readers. A tube of steel is encompassed by 
J . ackets of wrouaht-iron, and in this way the toughness of the latter 
. 
 
is combined with the hardness of the former. An our guns, as we 
have said, load at the muzzle, \vhile tbose of Russia, Germany, Austro- 
IIungary, and Turk.ey, are breech-loaders. Italy, in the case of the 
lOO-ton guns with which she intends to arm her two stupendous tur- 
ret-vessels, the Duilio and Dandolo; has adopted our method of con- 
struction, except that she employs smooth, instead of studded, pro- 
jectiles. 'Vith the employment of a gas-check at the base of the shot 
to prevent w.indage and so secure the full force of the eX}Jloding 
charge, the use of studs in a shot appears to be unnecessary, sufficient 
spin being imparted to the projectile by the soft metal of the gas- 
check before named, which causes the shot to rotate after the manner 
of a Snider bullet. So satisfactory, indeed, were the Italian trials of 
these projectiles last year that it is by no means improbable that we., 
too, lllay give up the use of studded shot. 
As to the comparative value of breech-loaders and n1uzzle-loaders, 
we shall not offer an opinion. No doubt a muzzle-loader is the stronger 
weapon, because its breech is solid; but our cousins, the Germans, 
urge very justly that, since their guns do not burst, they are quite 
strong enough. . Advocates of tbe muzzle-loading system argue again 
that their ,veapon is more simple in construction, and for this reason 
is to be preferred; but on the 
tber hand the sponging and loading 
of a gun is more easy to effect if it opens at the breech. Indeed, in 
the case of very heavy guns located in a casemate or on board ship, 
the Germans reproach us with the assertion that \ve must needs have 
recourse to all sorts of complicated and awkward nlachinery in load- 
ing, while in their case a simple pulley or crane is all that is necessary. 
Either, say they, we must expose our gunners through the open port 
""hen loading, or, as in the case of the Thunderer, rely blindly on 
hydraulic apparatus to work the guns for us. So stands tbe question: 
perhaps the present war will bring us a solution of it.-Nature. 


... 
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I N sociology, the "personal equation," if not eliminated, distorts 
lnen's view of Nature's workings more than in any other depart- 
ment of thought. Despite this, no.where else do tbey cling so tena- 
ciously to this distorting factor. Shallow conclusions, based upon 
traditional notions of right and wrong, tinctured with the bias of class 
or education, is the SUln total of the majority of attempts at making 
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clear this vexing bu important subject. 'ci(:
tific methodq are nn- 
thouo-ht of , and scientific conclt15ion
 either i2"Dored or denounced .- 

 
 
cold, hard, and nn_ympathetic. They never trouble them ..elvt:5 about 
certaining wbat it Ï3.' 7 tl an
 _ , but. 
without a minute'.. con5ideration, set up their Ltopian standards of 
ri;ht and a once þr c c(-ed to bend everything in that direction. 

honld they deem it righ to rever..e the conrc:.e of the )1iE
i

iJ>pi we 
migbt almo
t expect to Eee them undertake the impoc:sible tas1. care- 
Ie.... of all disastrous con
equence_. They have wac:ted power by ask- 
ing what r Jl to 
 done instead of inquiring what c be done. 
If eyer thi problem rect:ives an accurate solution, it will come 
from '-lewing it pLysically rather tban morally. ...-\s the boDe and 

ineW' of man... the stored energy of sun beam" 
o propErty or capital 
is the same energy re-tored after bein
 unlocked as work.. 
-\
 th 
former i
 the pot ntial energy of phy
icallife 
o the Iat er i
 the po- 
tential energy of 'Odal life. 
\ny attempt at vje"ing ti'e ma ter by 
ignoring this law of the cono::er\ ation of E-nergy which is ,at the oun- 
dation of social order, can only result in false opinion aT d lead to 
dan
erons me .:ure::. 1 When men were Eayarres. and bone and sinew 
ruled, be who had mo
 physical power wa chief. X oW', a ya..ter 
magazine of ener
 is accumulated in capital. and whoe\ er ha mo t 
of it rules. This is bu a plain statement of fact. The power i there 
lodged by the very cQn"titution of ciety, and no a tempt at realiz- 
ing the dream of commnnism can ,!re
t it away. """"hat can the man 
c.f mu
cle do . 
In early tagec; of humap deyelopment, the accumulation of bodily 
\ i
or and "trenuth wac: the main objec of life. X at ural and c:exnal 

election cooc:pired to pick the s rong
t. be<:t- ormed c:pecimen..... while 
dri,in::, the weak .and worthle q to the wall.. rategy c: n com- 
petffi with streng h, and, when yictor, intellect wa
 picked with it. 
From amon.; all the 
trategie de\ ices 0 in nee property wa
 Qelected 
a.. the fittec:t, and 80cie y became a nece"..ity for its protection. A- 
at fir
t men {.)und that c:uch life a
 they 60ught could only exi
 wI-.(-n 
bodily wa"te wa" balanced or 0\ prbalanced by accumulation 50 noW' 
we cannot lon rr maintain phy
ical hEalth if nutrition fails to keep pace 
with wa e. . me form of phthi
i... may take hold of u- and rncr(-a
 
the w
le b
yond the norma.] or our npply of food may be with- 
held, and we die of inanition. 
 .iallife i.. Sllbject to two just such 
"et
 of dan eT". In a machine we ha,,"e friction and interference an- 

 weriD _ to similar ideas. Th mo
t each be brough t the minimum 
if we woul'} have thiner work smoothlv. 
_\re 
-orkin
-men, 
a a cIa 
, frogal and proyident.. Do they 
curb selr-
atifìcation. and make present E3crifice for future advan- 
tage? How many mechanic Q or day-laboreN calculate their annual 
waste of meaDS on such unnee -c:ary artic1e'ò a..c: ea coffee tobacco, 
I WM ..
 1L
 _ __lthewñ rdid t - -T it ..... be - 
 - .J! v "!ied. 
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beer, whiskey, etc.? IIow many, in
tead of 
electing plain, ".hole- 

ome, cheap food, spend their extra dollars on pastry, rare fruits and 
vegetablc<::, etc.? The busine
s done in this line, l)y the grocers and 
bakers of the lo,vcr w'ards of X cw' York ,,'ill answer thi". I ha,e 
eaten at the tables of rich and poor in many :States, and my expe- 
rience teaches me tl)at, as a rule, the well-to-do mechanic lives better 
than many merchant
, bankers, and professional men, as long as his 
wages hold onto The same prodigality is manifested in dress and 
ornament. They will make any sacrifice to ape the rich or vie with 
pach other. Servant-girls often drpss bettcr than their mistre
scs. 
'Vho will calculate the do Bars wasted by that mechanic's family, be- 
fore sickness or accident dro\'e him to the poor-house? IIow much 
did he throwaway on rent, that he might live in a better house than 
he was 
"'cll able to afford? Ilow many dollars were spent on thea- 
tre
, balls, sociables, fairs, or excursions, that might have been saved? 
IIow much did superstition extort from hinl? These are a few of the 
many avenues through \vhich his Lard-earned \vages escaped. ....\dd 
to these the physician's bills, for attend
ng to himself and family \\ hen 
overwork and uncleanliness brought on sicknesf'; and, la5 t though 
not least, con:;ider the number of mouths he iH him
e1f the cau
e of 
havin
 to till, and the number of back
 to clothe. If hig income hacl 
overbalanced thið expenditure, w'hen the crisis 3rrived he would have 
been safe. With ho,v many of our present paupers ana tramps wa
 
thi
 the ca
e? ....\re the careful to be forcecl to bear the load of the 
careles:,; ? Self-restraint is more important to the poor man than 
legislation. This will give him a fitness for the battle of life, while 
that but unmans and effeminates him. 
....-\gain, are tbese mf'n now out of employment the best types of 
laborers or mechanics, nnd the mORt trusty and efficient scrvant Q 
their employers had? Are they the honest, careful, thoughtful work- 
ing-men who labored most earnestly for their cnlployerb' interests? 
...\re those who have been retained the stupid and dishonest ?-the 
unprofitable servants? _\.re they-but why proceed? The case is 
only too clear against the unemployed, as a class. Of course, there 
are exceptions. Unavoidable circumstances have doubtless thrown 
adrift the worthy. When a crisis comes, employers will retain tbose 
who have labored mo<;;t -faithfully and hone"tly for their interest. 
- \ll other
 mu-;t lose employment. The improviclent at once become 
pauper
, rlemanaing: a livin7 from their already h(.avily-burdened but 
careful fellow-workmen. If, during the age of mus('le, lazy, puny 
men with iliseased bodies, brought on by excess and vice, had c1e- 
manclec1 of the stalwart and vigorous that they must carry them on 
their backs, even though at their own peril, what could have been 
thought of them? 
....-\.n army of unemployed men is clamoring for work, and the sym- 
pathetic urge their claims. "Fate is dea!ing nard" ith them," say 
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they; " can we not alleviate their distress?" They would invoke state 
aid in behalf of these social failures, and thus. increase the burdens 
npon the employed, forgetting that" the last straw breaks tIle camel's 
back." They would increase the number of officials, and lose thou- 

ands of dollars of the people's money by theft, while only tens or 
hundreds were bestowed as charity. They forget that the poor mil1- 
ions wbo are the consumers are the real tax-payers. All experience 
has shown that only abortive effort and theft can ùe hoped for when 
the state interferes. It is already overloaded with such work, nnd its 
officers are men subject to temptation .where cash is concerned. A 
change of these has been advocated, but this would only be a change 
of thieves. Noone class has a monopoly of morality. There are 
moral and immoral men in all classes; and, unfortunately, nlen of 
light specific gravity are more apt to swim in the sea of politics than 
their more solid fellows. Shall vte, then, resort to an indiscriminatp 
bestowal of alms? Statistics have again and again sho,vn that, in 
the direct ratio of alms-giving, there is an increase of pauperism and 
crilne. The easier you make the pauper's life, the Jllore of that re- 
straint you remove ,vhich no,v hinders many from choosing pauper- 
ism as a profession. If you }lave money to spend upon thenl, de- 
mand an equh'alent in "Tork of some kind for every cent bestowed. 
This leaves them with a spark of manly feeling, and satisfies your 
desire to relieve their wants. I have seen philanthropic n1en and 
,voruen refuse to purchase a cane, toy, or newspaper, from a really 
suffering and needy person in the street, 'because they either did not 
want the article offered or, would not be troubled with it; and I have 
then seen them go a few steps and drop as much money as would have 
made the purchase into the hat of a professional beggar, who was less 
worthy and less needy. It 'was bal.d to escape the conclusion that 
the sympathetic feeling which coulù only be satisfied by giving 'with- 
out requiring aught in return ,vas here tinctured with the unhallowed 
self-righteousness of the Pharisee. 
In these unemployed workmen we have a yast amount of energy 
wastin cr itself in uselessness or crime. In the hank-vaults lie unused 

 
large stores of tbe potential energy of society. Rich apd poor are 
suffering from the inactivity. What is tIle cause of this? The capi- 
talists, will make no new investments, as they ",viII not pay. ' Business 
is stagnant. People refuse to purchase. Such is the general cry, and 
over-production takes the blame. Over-production of what? How 
can an over-production of wheat and potatoes produce an over-pro- 
duction of everything else? flow. happens it that all the industries 
appeared to collapse together ? Was .there over-production in all? 
lIas each person in these United States got all tbe clothing and arti- 
cles of cO'!nfort and luxury he can possibly desire? flow can over- 
production be cllargeable with this state of affairs, when, by a little 
thought upon the matter, we might see that the evidence points to 
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the fact that every increase of goods brings a corresponding increased 
demand for such goods? 
If there is one thing more than another "'
orking-men long for, it is 
high wages. To keep up their pay they unit
 in tradcs'-ullions and 
analogous combinations. The employer wages war against this effort. 
"Thile the former wO,uld demand all the profit of his labor, leaving the 
latter nothing for his pains, he in turn ,vould like to retain it all for 
himself. If these were tbe sole factors of this battle, wages ,vould 
steadily ascend, the balance of force ranging upward. Unfortunate- 
ly (?) for the ,vorkman, this is not the case. IIis own unconscious 
efforts to pull ,vages down olÜ,veigh his conscious efforts to keep 
them up. Can he not see that every time be deserts a dear dealer to 
buy from a cheap one he is thoughtlessly creating a tendency to lo,ver 
the wages of all who take part in the manufacture of such articles? 
This eventually, and through a yariety of channels, works around to 
his own. This move on his part likewise creates a necessity for dis- 
honesty and adulteration, which still further reacts against him. lIis 
employer, on the other hand, does more to"'''ard keeping up wages by 
seeking dear markets for his goods than his conscious efforts amount, 
to in pulling them down. As the heaviest strain on the produce of 
tbe "'
orkn1an is the downward one, sInce all consumers take part in 
it, 'lVGges 'Jnust fall. All the world clamors for cheap goods. Event- 
lutlly a point of stable equilibrium tuust be reached, where very low 
wages precede very cheap goods. As capitalists, studying the cost 
of production, hold on to goods, refusing to sell at a sacrifice, their 
sales descend or cease, and ,vages are thrown down first. Could ,vork- 
ing-men be made to realize the fact that high wages n1ean correspond- 
ingly high food, clothing, fuel, rent, with all else he would purchase, 
while lo,v wages Inean the opposite, I think they would agree with me 
in saying that the amount received per diem for their work was of 
secondary importance. Some laborers must take tbe shrinkage in 
ael vance of others. 
That there are more goods in the American market than is at 
present demanded, under existing conditions, is a certainty. But if 
over-production has glutted one market, why not seek another? Why 
stop mills and factories? 'Vhy turn laboring-men into the street? 
Is there no channel of least resistance for business to travel in? An 
over-production of goods is an over-production of wealth. Has the 
nation more wealth and comfort than it can manage or knows "'''hat 
to do with? The thing is l)erfect] y absurd. 'Vhen railroads came 
they brought an over-supply of accommodation for stage-coach trav- 
elers, but this extra amount of room found a use for itself in making 
travel cheaper and more comfortable, so that immensely more people 
traveled. Every labor-saving machine has done tbe same for the 
articles it produces. But suppose the price of tr:tvel had kept up, 
and the comforts remained the same, while the means of carrying 
VOL. XI.-39 
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passengers bad rapidly increased, .what woul
l have occurred? Sup- 
pose the cotton machinery had turned into the lllarket millions of 
yards of cotton, where hundreds answered 1efore (as is actually the 
case), and the manufacturers had charged the old prices, wbat would 
bave happened? It is obvious tbat in tbe first case not one extra 
traveler would have gone fronl home, and tbe mucb-needed railroads 
would bave been a nuisance; ""bile, in the second, the manufacturers 
would llaye been deluged with their own stock, been compelled to 
close their factories and bowl" Over-production! " TVltatever arrests 
tlte descent of prices, entails 'Upon society just such a state of affairs as 
we are passing through. It stops wide distribution, as tbe o,,"ners of 
such goods are unable to cope with tbe traders of foreign markets. 
Protectionists aid in this part of the trouble. It accumulates a heav- 
ier supply than is demanded in the borne-market. It overwhelms 
factories "rith their own goods, and drowns the manufacturer in bank- 
ruptcy, unless he stops work. It turns worthy, as 'well as un,vorthy, 
working-men adrift. It brings on all the horrors so piteously COD1- 
plained of. 'Vhat can avert such consequences? There are, doubt- 
less, factors in this l)roblem unnoticed here, but this to me appears 
to be tbe main one. Allow wages to descend steadily, as tbe market 
demands, instead of holding them up till a crisis is reached. When 
crises come, they hurl them down like an avalancbe far below the 
true level at wbich tbey should rest. Let the machinery of society 
have free, unimpeded action. .Teach laborers to give w.ay to tbe 
inevitable, ,vithout clogging the wheels by "strikes." They must 
learn to give in to tb
 decrees of Fate without a murmur. They 
frighten themselves with a bugbear of starvation from low wages, 
and bring in a real bear with their acts. "0 ye of little faitb!" 
Will they never learn tbat eigllt 110urs' ,vork at one dollar, with 
goods at half-price, is far better than four hours' .work at the same, 
with goods at full price? Trades'-unions are .waging war against 
natural law. Wages must come down! Profits must decrease! It 
is absolutely impossible to keep these up and have business pro- 
ceed. If not satisfied ,vith the pay offered by one employer, seek 
another. Unions, when other than a council of working-men aim- 
ing at the common good, are positive evils. Society must learn to 
frown down every interference on their part with the workings of 
trade, or we will be continually subject to recurrences of business 
stagnation and violence. Tbey thwart their own purposes and en- 
tail the very miseries they profess to cure. Labor, like everytlJing 
else in the market, is ,vorth neither more nor less tlJan supply and 
demand put upon it. It is sheer madness to battle fact by saying 
it should be worth more. Imagine an astronomer as insane as this, 
insisting upon it that the Bun ought to revolve around the earth, and 
therefore refusing to reason upon the fact that the earth revolves 
around the sun! 
Icrchants l1ave no right to force each other, by mob 
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violence, to maintain high prices upon their wares. No more have 
working-men this right ,vhen selling their labor. 'Vhen they find it 
necessary to employ each other, they are just as exacting as the capi- 
talists in demanding well-done work at lo\v rates. 
The capitalist will g1adly \velcome all unemployed laborers when 
the prices of his goods can be regulated by the demand for them, in- 
stead of, as now, by the high wages he is compelled to pay his men 
and high prices for his raw materials. He ,vill have no fear of over- 
f:tocking the markets of a world where men's wants are so numerous 
and insatiable_ But it will not do to let him toy with men's wages 
at every whim he has. l\Ien must seek for the highest remuneråtion 
without combination, compulsion, or restriction. Business-men must 
seek the highest prices in tbe same way. Excessive selfishness on 
the pa.rt of employé, as well as employer, lies at the root of the mat- 
tel'. , 'Vhen this is toned down, and each works for the other's interest, 
things ,vill go better with both. Till then ,ve may expect to see mis- 
ery, and hear the wail of want from many quårters. Relieve this by 
giving the laborer something to do, however trifling, and not by alms. 
A
k the state to do nothing, or you will impose extra burdens upon 
the worthy, and sink them to pauperage. Teach working-men to live 
more economically, and practise self-restraint. Advise them to com- 
pete ,vith each other in doing the most and best work they possibly 
can for their employer while in his employ. Teach them that they 
bring do.wn their own wages, and that this is not their employer's 
doings. Show them that, if the wages descend slowly and steadily, it 
will avoid a crash of business, and, making goods correspondingly 
-cheap, do them good rather than harm in the end. Train them into 
that true spirit of freedom and faith that will enable them to allow fel- 
low.workmen, who are in need, to sell their labor for ,vhat they choose. 
Teach the employers to work for the interest!:; of their men. Teach 
them to be less avaricious in demanding high pr-ofits for themselves. 
Teach them to give the working-Inen the highcst wages the market 
will allow. Teach them to be honest and truthful with each other, 
and the public. Teach each class these points, and the highest sub- 
stantial advantages to the working-class will soon be realized as a liv- 
ing fact. The present and past troubles are the legitimate fruits of our 
social immorality. The poor are not the only sufferers. Things, as 
they now exist, are about the best possible to our present stage of 
development. "\Vith improvement of men's n:1tures will come a cor- 
responding improvement of society. .All that ,ve can do is to search 
after the Jaws governing such n1atters, and remove obstructions from 
the way. 'Vith this done, leave all else to the vis 'lneclicatrix naturæ. 
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SRETon OF PROFESSOR SIMON NEWCO
IB. 


P ROF. NEWCO
IB was born in the Province of Nova Scotia, 

larch 12, 1835. Both of his parents were of N e,v England 
descent, their families having emigrated to the Provinces at various 
times. IIis father pursued the avocation of village schoolmaster, and 
from this circumstance the son during his childhood enjoyed educa- 
tional advantages which were good for the tinle and place, but ex- 
ceedingly scanty when measured by any other standard. A taste for 
arithmetic was developed at a very early age, and before he was 
twelve years old the embryo astronomer had completed the (restricted) 
course taught by his father. 
From this time he was thrown upon his own resources, reading 
and studying at random the few books which Providence threw in his 
way. A traveling peddler sold him Latin and Greek grammars and 
readers. For a short time he studied the rudiments of French, with 
a teacher, but acquired a better knowledge of the language from the 
descendants of the old French settlers, while at the same time an 
algebra, borrowed from a clergyman, was his constant companion. 
At the age of eighteen we find him in the State of 
Iaryland, 
teaching school-his ancestral calling-but with his actiye mind con- 
stantly engaged in mathematical pursuits. In 1856 !vIr. Newcomb 
'vas so happy as to make the acquaintance of Prof. IIenry, of the 
Slnithsonian Institution, with whom he had corresponded on a scien- 
tific subject, and who soon took an active interest in tlÍe welfare of 
his newly-discovered young friend. In conjunction with 
Ir. Hil- 
gard, Prof. Henry secured for young Newcomb a position as com- 
puter for tbe " American Nautical Almanac," the office of which 'was 
then located at Cambridge, l\Iassachusetts. 
Here 1\11'. Newcomb found both the material and the incentive to 
pursue his mathematical studies of the theories of the celestial motions. 
He enrolled himself a student of the Lawrence Scientific School, and 
attended the lectures of Prof. Peirce. After making a study of the 
works of Laplace and La Grange, he started on the line of original 
investigation, and has ever since pursued it, with uniforn1 success. 
In 1861 he was appointed Professor of l\Iatbematics in the Navy, and 
assigned to duty at the Naval Observatory, Washington, with which 
he is still connected. 
In 1863 he married 
Iiss 1\1. C. Hassler, daughter of tlle late Sur- 
ge:;-rì. flassler, United States Navy, and granddaughter of the late Prof. 
IIassl
r, the originator and first Superintendent of the United States 
'I ' 
Coast s;urvey. 
It mriY seem surprising that, while Prof. Newcomb's name is not 
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associated with any brilliant discovery or achievement in astronomy, 
he has, nevertheless, secured as great a reputation as was ever gained 
by an American astronomer, and is quoted abroad .as among the high- 
est authorities in lllathematical astronomy. Perhaps the secret lies 
in the unity of purpose which has characterized all his efforts. His 
special ficld has bce
 tbat of "exact" astronomy-the prediction of 
the motions of the heavenly bodies from their mutual gravitation- 
the perfection of the tables and other data, from which the" Nautical 
Almanac" is prepared, in order that the navigator and surveyor may 
be enabled to find their positions by sea or land. When the late 
Admiral Davis founded the" American Nautical Almanac," some 
twenty-five years ago, the tables and other materials for its construc- 
tion were extrenlely imperfect, but Prof. Newcomb's studies have all 
tended to their improvement. 
Prof. Newcomb gained a European reputation while still a com- 
puter at Cambridge, by his paper "On the Secular Variations and 
:\Iutual Relations of the Orbits of the Asteroids." The question of 
the correctness of Olher's theory, that these bodies resulted from the 
explosion of a single planet, had never been decided, because no one 
had ever investigated the changes which their orbits had undergone 
in past ages. This was done in the paper we have mentioned, and it 
,vas shown that the orbits could never have intersected in a single 
point, unless they had in the Illean while been deranged by some un- 
known cause. 
Since his appointment in the navy his most considerable works, 
outside of his duties at the observatory, have been the" Investiga- 
tion of the Orbits of the Two Outer PlanetR, U ranns and Neptune," 
accompanied by elaborate tables, which were at once adopted in all 
the nautical almanacs of Europe and America. In the preparation of 
these" taLles," Prof. J. Henry, his kind and firm friend of now more 
than twenty years, took great interest, and gladly assisted him by 
supplying him with funds from the Smithsonian. 
In 1867 the observatory published his" Investigations of the Dis- 
tance of the Sun," leading to the value of the Solar Parallax no,v 
most generally adopted, namely, 8".848. 
In 1870 he visited Europe to observe the total ec1ipse in the ::\Iedi- 
terranean, and was everywhere received with the highest distinction 
in scientific circles. 
He took an active part in procuring the great telescope for the 
Washington Observatory, and was in charge of it during the first 
'year or two after its erection, investigating with it the satellites of 
his two favorite planets, U ranns and Neptune. 
'Vhen Congress authorized the organization of parties to observe 
the late transit of Venus, Prof. N e,ycomb was appointed one of the 
commission to prepare the plans for those parties, and to arrange for 
the complete execution of those plans, after the return of those parties 
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to the observatory. From the first meeting of this commissioil Prof. 
X ewcomb has acted as secretary thereof. Prof. Newcomb's most 
recent labors have been on the nlotion of the moon, and the possible 
yariability of the sidereal day, on ,vhich subject he bas published 
several fragmentary discussions. IIanscn's tables of the moon have 
deviated from observation for several years past in a remarkable 
manner, and he has accounted for the changes by an acceleration in 
the rotation of the earth on its axis. It is now considered that he 
has proved the actual existence of this acceleration beyond reason- 
able doubt. "I. 
In February, 1874, he "ras the recipient of the gold medal of the 
Royal Astronomical Society of Great Britain. The presentation 'was 
preceded by an address by the presiflent, Prof. Cayley, in which, 
after giving an account of several of Prof. Newcomb's most importnnt 
contributions to mathematical science, he says: "They exhibit all of 
them a combination, on the one hand, of '}nathematical skill and power, 
and, on the other hand, of good hard 'work, devoted to the furtherance 
of astronomical science." 1-'hus, though belonging to the younger 
generation of astronomers, Prof. Newcomb has received his full share 
of honors, both at borne and abroad. Graduating as B. S. at Har- 
yard University, in 1858, he is now, at home, member of the National 
Academy of Science, and of the American Academy of Arts and Sci- 
ences, in Boston. In] 876 he was elected President of the American 
Association for the Advancement of Science, and presides at its 
annual Ineeting, in Nashville, in August of this year. In 1874 he 
received the honorary degree of LL. D. from the Colun1bian Uni- 
yersity, at 'Vashington,' and in 1875 the same honor from Yale. 
Abroad, he was, in 1872, elected associate member of the Royal Astro- 
nomical Society of Great Britain; in 1874, corresponding member 
of the Institut de France; in 1875 he received the l)onorary degree of 
Ph. D. from the University of Leyden, at its three-hundredth anniver- 
sary. Also in that year he was made a member of the Imperial Acad- 
en1Y of Sciences of St. Petersburg, n1ernber of the Royal Swedish 
Academy of Sciences, and member of the Royal Bavarian AcaclenlY 
of Sciences. 
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To the Editor of the Popular Science 
"fonthly. 
S IR: In the last number of THE POPULAR 
SCIENCE YONTHL Y 
Ir. E. R. Leland re- 
plies to my article in the July issue entitled 
h Over-C
)llsumption, or Over-Production? " 
misstating some and misconceiving other of 
my arguments. It would be an infringe- 
ment on your space for me to follow Mr. 
Leland through all his assertions, and at 
best I should be only repeating arguments 
already made. But Mr. Leland attempts to 
formulate my theories, and, as I think I can 
do this more accurately than he, permit me 
to reaffirm what I have said in this com- 
pact form, which will be the briefest and 
most satisfactory method of meeting :Mr. 
Leland's reply: 
1. The resources of Nature are gratui- 
tous; they are practically exhaustless; and, 
as the activity of capital and the energy of 
labor are not fixities, large consumption or 
demand (Ur. Leland talks of 1va8leful con- 
sumption as if the word" wasteful" were 
mine) stimulates the energy of capitalists, 
leads to the application of improved ma- 
chinery, brings about better tran8portation, 
so that as a result an, or nearly aU, products 
are proportionately increased in abundance 
because of extended consumption, and the 
possibilities of consumption. 
Ir. Leland 
says: "That the demand for a commod- 
ity stimulates the supply is most true, and, 
where increase is possible, the supply is 
increased until the widest area of demand 
is fiUed at a minimum cost, but it is only 
by economy that this minimum can be 
reached." \Ve repeat Mr. Leland's words 
-" most true." But large con8umption is 
a powerful agent in securing minimum of 
cost in production; it brings in competi- 
tion, it leads to the invention of machinery 
and improved methods of production or 
manufacture-in fact, minimum of cost is 
never reached except in those things that 
are in general use. Consumption or de- 
mand leads, therefore, as a rule, not only to 
greater abundance, but to greater cheap- 
ness. But I do not mean, and I did not 
speak of, wasteful destruction, which :Mr. 
Leland dwells upon so much, but of use. 
'Vaste is foolish, in the first place, because 
it confers no good upon anyone; and, sec- 
ondly, because it is only the certainty and 
regularity of legitimate use that exercise a 
healthful stimulus upon production. 'Vastf>, 
that destroys machinery, permits bridges to 
go into decay, destroys roads, lets grain 
rot in its storehouses, burns up cities, ex- 


hausts the reserves of capital, is direful; 
but use, which is the means of setting mill- 
ions of busy hands to work, is another 
thing. I know the economists say that 
capital alone determines the fact of produc- 
tion, demand merely governing the direc- 
tion it shall take; but is it not clear that, 
if we reduce consumption to its minimum, 
production will shrivel up ? 
2. The extravagance of an individual 
has some essential difference from the ex- 
travagance of a whole community. Of 
course, one bankrupt multiplied ten thou- 
sand times simply gives us ten thousand 
bankrupts. It was scarcely necessary for 
Mr, Leland to. point this out. But a com- 
munity considered as a unit has for its re- 
sources the boundless wealth of Nature, 
which, as we have already seen, increases 
with the demands made upon it, so that 
liberal use makes rather than reduces abun- 
dance. This proposition hangs upon the 
first; if that is true, this is true. By ex- 
travagance 1 simply meant free use, not idle 
destruction; and what I wished to show is, 
that Nature yields her treasures in increas- 
ing proportion to the activity that demands 
them, so that we are richer in coal, iron, 
fabrics, food, etc., because our wants are 
many, our demand eager, our use of these 
things abundant. It is perfectly true that 
if the wealth of a community is simply the 
ag-gregate incomes of its members, then the 
whole must partake of the nature of its 
parts; but there is a kind of wealth that 
accrues to the individual and does not to 
the community as a whole, such as 'nnt, for 
instance, which, enriching some, is a tax upon 
others, and no addition whatever to the sum 
total of the wealth of the community; and 
in like manner there is wealth which ac- 
crues to the whole, but is not a part of an 
individual's income. 
3. Mr. Leland makes me affirm that no 
part of the nation's capital has been lost in 
unproductive enterprises. There have been, 
as all know, immense losses in foolish rail- 
road and speculative enterpri
es; but I con- 
sider these losses to have fallen upon our 
surplus rather than our reserves; that our 
ability to keep all our machinery in motion, 
to run onr mills, erect warehouses, build . 
ships, construct railroads really needed, do 
aU forms of legitimate productive labor, is 
not impaired - while, according to Prof. 
Price, it is impaired, and this is the reason 
of our business distress. I can detect no 
evidence that business cannot revive be- 
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cause of insufficient capital, the difficulty 
being rather that capital is IJing idle. 
4. I am accused of attributing the busi- 
ness depression to over-production, whereas 
I distinctly said speC'ulative over-production 
-ovCl'-production brought about by cen- 
tralization of wealth and vast appliances 
of machinery, which under artificial stimu- 
lus produces an excess at one period, and 
then at another, stopping aU production, 
. turns hosts of workmen into the streets 
idle and empty - handed, followed conse- 
quently by a great reduction of consump- 
tion. 
5. I laid no stress upon coöperation to 
regulate production, merely mentioning it 
as the only remedy I could suggest. Such 
coöperation is doubtless impracticable ex- 
cept to a limited extent. The fear is, there 
is no remedy, and that we sha.ll have-as, 
indeed, bas been fl'cquently predicted-con- 
tinually our intermittent periods of over- 
trading and speculation, offset by those of 
prostration and suffering. The elimination 
of speculation and other" crazes "-that is, 
the maintenance of production in legitimate 
and healthful relation to consumption-is, 
as I think, indisputably the only remedy; 
but how this is to be brought about is more 
than I can say. Economists, surveying tbe 
broad field over long distances of time, are 
contented to say tò.at these periods are but 
perturbations; that production in the end 
does adjust itself to consumption. \Vhile 
this is true, our concern is bow to reduce 
the intensity and duration of these pertur- 
bations. 
There are other points that call for an- 
swer in Mr. Leland's letter; he gives me 
some elementary instruction as to the mean- 
ing of capital and of money; and he de- 
cries the fact of "released labor;" but 
it seems unneccssary for me to take your 
space merely to vindicate my opinions or 
to e
tablish my knowledge of elementary 
principles-your readers can have no con- 
cern in these matters. The thing is, to get 
a t the truth of the causes of our business 
distress, and those interested are referred 
to tbe article of Mr. David A. 'VeIls-than 
whom tbere is no better authority-in tbe 
last North .American Review, wherein we 
are told that the community is suffering to- 
day, "strange as the proposition may at 
first thought seem, not because we have 
not, but because we bave; not from scarci
 
ty, but from abundance;" that iR, not from 
impaired capital, according to Prof. Price; 
a.nd that" the only remedy is the creation 
of more wants or demands for our products, 
and, as a consequence, more and enlarged 
employments for our labor," Tbat is to 
say, it is not by the community economical- 
ly reducin
 consumption to its minimum 
that a revival of trade is to come, as we 
bear asserted on every side, but by the crea- 


tion of new wants, by the stimulus of con. 
sumption. This is the essential basis of 
my argument. 
\Vith respect, yours, etc., 
O. B. BUNCE. 


"THE TIDES." 
To the Editor of the Popular &lence JIonthly. 
THE article on "The Tides," in the July 
number of your MONTHLY, would be amus- 
ing had it not appeared in a scientific peri- 
odical of high standing; but, when such 
erroneous and ill-dige8ted views are set 
forth in a reputable journal for public in- 
struction, they call for a puJJlic notice which 
they do not at all deserve. 
The author of the article referred to bas 
unfortunately adopted the errors of state- 
ment and conception generally found in our 
text-books of natural philosophy, prepared 
by authors of no authority, for our public 
and preparatory schools. I have had occa- 
sion recently to examine several such books 
on the suJJject of "Centrifugal }'orce," so 
called, and have found very few that are 
not in error. If the author of "The Tides" 
had expended a portion of the time devoted 
to the elaboration of his suJJject in an e:>..- 
amination of the basis of his explanation- 
centrifugal force-he could not have reached 
conclusions at variance "ith the simplest 
fundamental principles of physics. 
:Kewton's first law tea('hes that a body, 
once set in motion, wiU continue to move 
on with uniform velocity in a stmight line 
forever if left to itself: To produce circu- 
lar motion a constant force directed toward 
a fixed point must be applied. in addition to 
the original force. The' fixed point then 
becomes the centre of revolution. The 
original impulsive force (or continued force 
acting during a finite time), and the constant 
force directed toward the centre, are the 
only forces concerned in uniform circular 
motion. "Centrifugal force" expresses 
merely the resistance of a body to deflec- 
tion from a straight line in which it tends to 
move, accordin
 to -Newton's first law of 
motion. It is its inertia wìth reference to 
motion in a specified direction toward the 
centre. If only that which .produces or 
tends to produce motion or change of mo- 
tion is force, then there is no such force as 
"centrifu
al force;" for the only motions 
that a body moving in a circle has are tan- 
gential, due to the original impulsive force, 
and the radial toward the centre, due to the 
cons.tant centripetal force. If the eeIltripe- 
tal force ceases to act, the body moves on 
tangentially, in obedience to the tangential 
force; if its motion of rotation ceases, it 
faUs toward the centre. It can take no 
other direction of motion unless some force, 
additional to those required for uniform cir- 
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eular motion, is impressed upon it. " Cen- 
trifugal force" is a misnomer-a convenient 
fiction to represent resistance. Resistance 
or inertia only opposes motion; it never 
produces it; and is, therefore, not force. 
Hence any explanation of phenomena that 
assigns "centrifugal force" as the real 
cause in producing motion or change of 
motion is wholly erroneous, and subversive 
of Newton's first law. No such resort to 
"centrifugal force" i$ necessary in the ex- 
planation of the tides. 
I must confess entire ignorance of the 
experimental demonstration that bodies 
weigh more or are heavier at midnight than 
at any otber hour of the twenty-four. If 
that be tJ'ue, and the cause assigned by Prof. 
Schneider a sufficient explanation, then the 
lunar midnight should produce the same ef- 
fect as the solar. On this point allow me 
to quote from Sir 'Villiam Thomson anù 
Prof. P. G. Tait's "Treatise on Natural Phi- 
losophy," vol. i., page 662. The authority 
of these physicists must be acknowledged: 
"Hence as the moon or anti-moon (an im- 
aginary moon 180 0 from the real one) rises 
from the horizon to the zenith of any place 
on the earth's surface, the intensity of appar- 
ent gravity is diminished by about tiÕ'õhõUïï 
part; and the plummet is deflected toward 
the point of the horizon under either moon 
or anti-moon by an amount which reaches 
its maximum value when the altitude is 45 0 . 
The corresponding effects of solar influence 
are of nearl v half these amounts." 
Does P;of. Schneider mean to subvert 
Newton's third law that action and reaction 
are always equal? If he can prove that the 
centripetal force for any point of a revolv- 
ing body is greater or less than its reaction, 
the "centrifugal force," he will certainly 
disprove Newton's law, and compel a recon- 
struction of most, if not all, mechanical 
propositions. 
His statements respecting the value of 
"centrifugal force" (properly centripetal 
force or acceleration toward the ('entre) as 
depending on the radius of curvature are in- 
correct. It is not unconditionaIly true that 
" in a short curve the centrifugal force is very 
great." On the contrary, if the time of revo- 
lution is constant, the "centrifugal force" 
varies directly as the radius, iilCreasing as 
the radius increases. If the velocity of ro- 
tation is constant, "centrifugal force" va- 
ries inversely as the radius, increasing as 
the radius decreases. Neith{'r of these con- 
ditions is met in the comparison of the revo- 
lutions of the earth and the moon in their 
orbits, since neither times nor velocities are 
the same in the two orbits. In fact, the 
acceleration of the earth (and, therefore, of 
the moon) toward tbe sun is about ]'-015 of 
an inch; while that of the moon toward the 
earth is a little less than "'lo
 of an inch a 
second. The acceleration of the earth tow- 


61 7 


ard the common centre of gravity of earth 
and moon is only a small fraction of the 
moon's acceleration toward the same point. 
These accelerations are the measures of" cen- 
trifugal force." Hence, according to Prof. 
Schneider's theory, the solar tide shoulù be 
many times greater than the lunar. 
My amazement reaches a climax when I 
read, near the close of the article in ques- 
tion, that "centrifugal furce acts in a line 
tangent to the earth's orbit;" or, " in a di. 
rection at right angles with the radius-vec- 
tor." Really, Mr. Editor, your compassion 
should have saved Prof. Schneider from mak- 
in er such an e
regious blunder. ' 
o In reference to too true explanation of 
the tides, the length of this communication 
will allow me to add only that, if Prof. 
Loomis, in his admirable" Treatise on As- 
tronomy," had applied to the tides the same 
explanation and figure, mutatis mutandis, 
that he uses in estimating the amount of 
the sun's disturbing effect on the moon's 
motion, no. uncertainty would remai
 in the 
mind of teacher or student respectmg the 
cause of the tides. 


H. S. CARHART. 


NORTHWESTERN U:ro.-rVERSITY, } 
EVAKSTON, ILLHiOIS, July 2,1::'17. 


"THE ZODIA.CAL LIGHT." 
To the Editor of the Popular Scunce .JIQnthly. 
PROF. BRA
E'S article on" The Zodiacal 
Light," in THE POPULAR SCIEXCE MO
THLY 
for July, may make a recent observation 
of that phenomenon of interest. About 
eight o'c1ock in the evening of July 3d my 
attention was called to a peculiar appear- 
ance of the sky. The sun had been below 
the horizon about an hour. From the point 
in the horizon where it was last seen a 
broad band of pink or rose-co]ored light 
followed the ecliptic across the sky to the 
opposite horizon. Its south limit was sharp- 
ly defined-its intensity nearly the same 
from horizon to horizon. Its north limit 
was not determinable, the pinkish light ex- 
tending nearly or quite to the horizon, fin. 
ing the entire northern sky. The southern 
sky from the ecJiptic was of the normal 
blue color, with the exception of a single 
streak of a darker blue, extending from the 
point where the sun sank below the horizon 
about 90 0 into the southern sky, making an 
angle of say 30 0 with the southern limit of 
the rose-colored Jight, or the ecliptic. 
There were none of the auroral charac- 
teristics. The light was steady, and the 
entire exhibition as described lasted for 
twenty minutes, when it all faded away 
gradually, leaving a perfectly clear sky, with 
only a trace of the pink in the west. 
CHARLES A. MOREY, 
WINONA, MINNESOTA, July 5, 1811. 
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To tIle Editor oftltB Popular &ience JIonJ.hly. I es
ing fact. These black Cayuga dueks- 
READING an item, attributed to a writer saId to have descended from ancestors capt- 
in Science .Gossip, on the "}
ood of the u
ed at CaJug
 L
ke, Ne\
 York, by reason 
'V ater- Tortoise," in the "Popular .Yiscel- of long domestIcatIOn and hIgh feeding-have 
Jany" of your July number, showing that come to. have very. heavy boùies and short, 
that reptile appears "to have a special reI- small wmgs. Owmg to the disuse of the 
ish for the food of the cat," it occurred to latter, they have become so far atropbied 
me that I might also relate a fact which that" well-bred n birds are quite incapable 
came under my own observation bearing of flight. In the summer of 1875, one of 
upon this subject: During last summer I my half-grown ducklings had the misfortune 
found an ordinary snapping-turtle (Chelydra to lose ?ne of its legs. After some days' 
serpcntina) in a field adjoining my residence, absence It hobblc,d home from the river on 
and near a brook which empties into lloone one foot, the other having no ùoubt becn 
HiveI', a few rods below. It was a vicious torn off by one of these same predacious 
old fellow, and more than ordinarily curious turtlcs. 'l'he little bird speedily recovered 
to me from the fact tliat it had more than a from the injury, though it never attained the 
hundred leeches clinging to its shell and full size of its mates. It hopped about quite 
various portions of its skin. I had some brisldy on its single foot, using its wings to 
suspicions that my captive had committed surmount obstacles or increase its speed. 
d
predations upon my young black Cayuga The consequence was that its wings grew to 
duck:;; but dislikinO' to murder it "in cold such size and length that it was capable of 
blood," I let it go,Oand it speedily disap- flying twenty or thirty rods, and possibly 
peared in a deep hole in the brook. Some much farther. It could rise easily out of the 
days afterward, while passing near the water, and once on the wing was able to 
place, I heard a duck squaw ling and splash- clear tbe bank and a high fence-in all, a 
ing in the water, and went at once to learn quite abrupt rise of fifteen or twenty feet 
the cause. I found that this same turtle -and thus speedily reach home, while its 
had seized one of my ducks by the foot mates were slowly waddling through the 
and was trying to drag her under the wate; grass.:My flock of ducks showed in a striking 
-for" carni \ orous purposes!" . The duck manner the result produced by the long dis- 
was full-gl'own, and would have weiO'hed use of their wings; while the unfortunate 
five or six pounds, but would soon have one-legged bird as strikingly evidenced how 
been killed it: I had not rescued it. I got rapidly" cOlnpulsion t? more dilißent use" 
hold of tbe bIrd amI drew her to the shore produced a very deCided and Important 
but the turtle held on, till I was able t
 . modification of the wings, increasing their 
secure him. Of cour:;e he cauO'ht no more strength, as well as the length of the feath- 
of my ducks. 'ð ers. CHARLES ALDRICH. 
But this reminds me of another inter- WEBSTER CITY, IOWA, July 6,1871. 
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SPECTROSCOPIC DlSCOVERYOFOXYGEN 
I.N THE S[T..V, 
O ELESTIAL chemistry bas taken 
another stride forward. In a 
paper recently read before the Ameri- 
can Philosophical Society, anù printed 
in the Aml!"rican Journal of Science 
and Arts, Dr. IIenry Draper announces 
the discovery of oxygen gas in the Bun, 
the fact being arrived at and verified 
by a long course of spectroscopic ob- 
servations, 
Viewed in any of its numerous as- 
pects, this discovery is of immense in- 
terest. Whether as an extension of our 
know ledge of solar physics, solar chem- 


TABLE. 


istry, and the nature of the spectrum 
itself, or as throwing further light upon 
the constitution of the universe; wheth- 
er as bearing upon cosmical theories 
that have attracted much attention, or 
as a triumph over the difficulties of com- 
plicated experiment, or, finally, 3S an 
iHustration of lwreditary genius in sci- 
ence, where a line of research opened 
briHiantly by the father nearly half a 
èentury ago, has been pursued with 
equalObriHiancy to this crowning result 
-however regarded, this exploit of the 
younger Draper must command un- 
qualified admiration. 
As has been repeatedly shown in our 
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pages, 1 the elder Draper was one of the nish; and it was thus not only estab- 
earJy and most successful explorers of lished as a fact that there are various 
the chemical relations of the luminous terrestrial metals in the sun and stars, 
spectrum. He was a pioneer in this but their mode of manifestation was 
line of investigation, and the first to brought into complete harmony with 
make extensive use of photography in theoretical requirements. 
this branch of research; and he was so The nebular hypothesis, which had 
far in advance of his time, that his dis- been growing for a century, and which 
coveries were totally unappreciated. assumed the origin of all the bodies in 
But he furnished the fortunate men who the solar system from a comlnon nebu- 
followed him with their tools to reap lous source, was,. of course, at once 
the splendid 11arvest of spectroscopic and profoundly affected by the new 
discovery, which has so impressed the revelations. It was proved that there 
world during the last eighteen years. are common elements extensively dis- 
We have never had any doubt that his- tributed among celestial bodies, which 
tory would set all these things right, but confirms the hypothesis that they have 
the venerable doctor will at any rate be a common origin. Not only was there 
easy in the assurance that the sceptre new and positive proof of the exist- 
has not departed from his family. I ence of nebulous matter in the celestial 
When it was established that the spaces, but the ultimate elements of 
light emitted by vaporized and incan- which material Nature is constituted 
descent bodies gives spectra by which were shown to be universal, and the 
they may be identified, the passage was nebular hypothesis was thus strongly 
rapid to the discovery of chemical sub- confirmed. Yet a difficulty at once 
stances by the analysis of light. A arose, that the main predominant ele- 
study of the spectra of the sun and stars ments of tm'restrial Nature were not 
.soon gave evidence that they contained found to exist in the sun and stars. 
forms of matter with which we fire fa- The evidence, of course, was negative, 
miliaI' upon earth. All the metals, for but it was held by many to be weighty, 
example, in a state of luminous vapor, in disproof of the nebular doctrine. 
yielded bright lines in the spectrum so If the non-metallic elements, it was 
distinctive in each case that there was said, which form the principal part of 
no possibility of mistaking them. When terrestrial objects, do not exist in the 
these were carefully mapped and com- sun, the derivation of that body and of 
pared with the spectra from the sun its encircling planets from the same 
and stars, such a startling mass of co- primeval source is impossible. Dr. 
iilcidences was at once disclosed, that Draper has now proved that oxygen in 
there was no escape from the conclusion large proportions exists in the sun (nnd 
of a comnlOn causality, or that these probably nitl'ogen also); nnd his dis- 
metnls exist also in the stellar bodies. covery can therefore only be regarded 
There was but one serious - difficulty. as lending furtlwr and more powerful 
The lines obtained by the combustion confirmation to the nebular hypothesis. 
of the metals were bright and colored, Dr. Draper's paper, in the American 
while the corresponding lines in the Journal of Science and Arts, is accom- 
solar and stellar spectra were all dark. panied by an illustrative ùingram, which 
Kirchhoff resolved the difficulty in 1859, brings the demonstration before the eye 
by showing how the bright lines may of every reader. It exhibits the spec- 
become dark lines by absorption in such trum of the sun, and that which is pro- 
conditions as the celestial bodies fur- duced from air, so juxtaposed that the 
1 See POPULAR SCIENCE ?tIONTllLY, vol. iv., p. fact and the extent of the iùentity of 
361 ; vol. ix., p. 290. the lines in the two representations are 
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seen at a glance. The matching and 
identification are even more complete 
than they .were in the original experi- 
ments of Kirchhoff with the metals, for 
}lere it is not necessary to invoke a 
theory for the unification of bright and 
dark lines; the bright lines of the spec- 
trum of oxygen being continuous with 
the bright lines of the solar spectrum. 
It is, indeed, because the solar oxygen 
reveals itself by bright lines that these 
have not been earlier detected, as they 
have been masked and concealed among 
the unoccupied luminous spaces, be- 
tween the dark lines that have hitherto 
been the main objects of attention. 
Dr. Draper hag been occupied for 
several years with this investigation- 
in fact, he has grown into it. Besides 
his inherited aptitude, and life-long 
training in this delicate line of manip- 
ulation, and his thorough familiarity 
with the peculiar difficulties of these 
investigations, his work could only have 
become successful by means of a com- 
bination of appliances, some of which 
are only lately available. His task was 
to produce a gas spectrum, and main- 
tain it at a brilliancy which woulù ad- 
mit of its being photographed alongside 
of that of the sun itself. Oxygen is 
made incandescent by electricity. The 
most ample, steady, and sustained cOJn- 
mand of this agent was therefore in- 
dispensable. This was secured by the 
Gramme machine, a dynamo-electric 
engine connected with a large induc- 
tion-coil anù a battery of Leyden-jars. 
The impulse was furnished by a Bray- 
ton's petroleum-motor, which" can be 
started with a match, comes to its regu- 
lar speed in less than a minute, and 
preserves its rate entirely unchanged 
for hours together." This was belted 
to the Gramme machine, which, at its 
usual rate of running, gave 1,000 ten- 
inch sparks per minute. This" torrent 
of intense electric fire," consisting of 
twenty ten-inch sparks per second, was 
passed tllrough Plücker's tubes, con- 
taining oxygen, the spectrum of which 


is thrown upon a sensitive photographic 
surface, while - the solar spectrum is 
formed beside it, and both are fixed 
together upon the tablet. The em bar- 
rassments of the investigation are thus 
referred to in Dr. Draper's paper: 


"This research has proved to be more 
tedious and difficult than would be supposed, 
because so many conditions must conspire 
to produce agood photograph. There must 
be a uniform, prime-moving engine of two- 
borse power, a dynamo-electric machine 
thoroughly adjusted, a large Ruhmkorff coil 
with its Foucault break in the best order, a 
battery of Leyden-jars carefully prop or.. 
tioned to the Plücker's tube in use, a helio- 
stat which of course involves clear sunshine, 
an optical train of slit, prisms, lenses, and 
camera well focused, and, in addition to all 
this, a photographic laboratory in such com- 
plete condition that wet, sensitive plates can 
be prepared w bich will bear an exposure offif- 
teen minutes and a prolonged development. 
It has been difficult to keep the Plücker's 
tubes in order; often before the fir8t expos- 
ure of a tube was over, the tube was ruined 
by the strong Leyden sparks. :Moreover, to 
procure tubes of known contents is trouble- 
some. For example, my hydrogen-tubes 
.gave a spectrum photograph of fifteen lines, 
of which only three belonged to hydrogen. 
In order to be sure that none of these were 
new hydrogen-lines, it was necessary to try 
tubes of various makers, to prepare pure 
hydrogen and employ that, to éxamine the 
spectrum of water, and finally to resort to 
comparison with the sun." 


In regard to the significance of the 
inquiry in relation to spectroscopic 
study, Dr. Draper remarks: 


" We must, theretòre, change our theory 
of the solar spectrum, and no ,longer regard 
it merely as a continuous spectrum with 
certain rays absorbed by a layer of ig-nited 
metallic vapors, but as having also bright 
lines and bands superposed on the back- 
ground of continuous spectrum. Such a 
conception not only opens the way to the 
discovery of others of the non-metals, sul- 
phur, phosphorus, selenium, chlorine, bro- 
mine, iodine, fluorine, carbon, etc., but also 
may account for some of the so-called dark 
lines, by regarding them as intervals be- 
tween bright lines." 
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SEEL YE ON CIVILIZA TION AND RELI- 
GION. 
TIlE inaugural aùdress of Prof. J. 
II. Seelye, npon assuming the presi- 
dency of Amherst College, has at- 
tracted the marked attention that was 
to have been expected from the eminent 
scholarship and versatile accomplish- 
ments of the author. The interest, 
moreover, has been especially height- 
ened by the intrepidity evinced in his 
choice of 8 subject. President Seelye 
did not shrink from the responsibilities 
of the occasion. Taking the helm of a 
leading orthodox institution for the 
education of young men, founded we 
are told "as a breakwater to Harvard, 
which had been captured by Unitarian- 
ism," and, therefore, as a bulwark of 
evangelical faith, he addressed himself 
to one of the great vital issues which 
have been forced upon modern theology 
and made prominent by the later ad- 
vances of scientific thought. His sub- 
ject is the relations of religion to civ- 
ilization and to education. 
President Seelye's argument has 
been interpreted as an assault upon the 
doctrine of evolution, and by his ad- 
mirers as an annihilation of it. The 
ChrÛ3tian Intelligencer, for exanlple, 
says, "It has fallen like a bomb into the 
camps of skepticism;" and has a star- 
tling significance "in this day of theo- 
logical enervation and cowardice before 
a dogmatic evolutionism." Again, the 
writer says: "He first of all joins issue 
with the superficial and unsupported 
notion that there is 'an inherent law 
of progress in human natu
e by which 
it is constantly seeking and gaining for 
itself an improved condition,' and con- 
tends, on the contrary, that there is a 
, 121 W of deterioration
' Most acutely 
and eloquently does he prick this bub- 
ble, blown of sentimentalism and con- 
ceit, which hag so long been suffered to 
pass unchallenged, and even becn has- 
tily adopted by Christian thinkers." 
Now, with this estimate of the ad- 
dress we can hardly agree. If evolu- 


tionism be a bubble, we doubt if it has 
been reserved for President Seelye to 
prick it; and if the address be a bomb- 
shell, there are grounds for thinking- 
that it is the president's own party that 
must beware of the explosion. His po- 
sitions are: 1. That the historic phe- 
nomena of national decay disprove the 
doctrine of evolution; 2. That what- 
ever progress there has been is due to 
the supernatural. He says: 
" No historical fact is clearer than that 
human progress has Dever revealed any 
inherent power of self-perpetuation. Arts, 
languages, literature, sciences, civilizations, 
religions, have in unnumbered instances de- 
teriorated and left a people to grope in the 
shadow of death whose progenitors seem to 
rejoice in t
e light of life." 
Again : 
" It was not the construction of his bouse 
that taught man to build his temple, but 
exactly the other way. The same is true 
with sculpture, painting, poetry, and music. 
It was a religious impulse which gave to 
all these their :first inspiration, The oldest 
monuments we possess of any of these arts 
are associnted with some religious rite or 
faith. But, more than this, we must also 
notice the undoubted fact that the arts have 
grown in glory just as the religious senti- 
ment has grown in power." 
In brief- 
" The supernatural is the Alpha as well 
as the Omega of human thought." 
These are favorite ideas with Presi- 
dent Seelye, which he has expounded 
elsewhere, and we shall perhaps get his 
view more sharply before us by quoting 
briefly from an earlier statement, also 
made with deliberate care. In the arti- 
cle on "Darwinism," in U Johnson's 
New Universal Cyclopædia," he says: 
" The history of men is full of instances 
of deterioration. If we weigh it simply by 
number, whether of years, or of nations, or 
of individuals, degeneration and decay vast- 
ly preponderate. Where is the civilization 
now of Tyro, and Carthage, and Babylon, 
and Nineveh 
 and where are the arts which 
built the Great Pyramid and Baalbec 
 All 
over the world we have evidence of a ten- 
dency among nations and men to sink away 
from civilization into barbarism, but history 
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does not show an instance of a nation rising 
by it
 own efforts from barbarism to civili- 
zation. . . . The incontestable fact is, that 
human nature reveals no inherent impulse 
to improve or perfect itself. History gives 
unnumbered cases of a downward tendency, 
but not a single instance of a self-evolved 
progress. The lamp which lights one nation 
in its advancement has been always lighted 
by a lamp behind it. Civilization is never 
indigenous; it is an exotic plant wherever 
found. This is the simple truth of history, 
which makes all such discussions as Mr. Dar- 
win's respecting the descent of man as false 
to fact as they are abhorrent to philosophy." 


President Seelye's inference that be- 
cause nations decay there is no evolu- 
tion of humanity, does not appear to be 
conclusive. The considerations alleged 
as making the doctrine of Darwin's dis- 
cussions "false to fact" seem to us to 
be in harmony with it, and the natural 
consequence of it. President Seelye 
appeals to the historic phenomena of 
deterioration, disintegration, and decay 
among nations and civilizations as dis- 
proving the principle of development; 
but how is decay made possible except 
by previous growth, and how can a 
community degenerate unless it þas first 
been organized and unfolded? The con- 
clusion is certainly logical that before 
civilizations can dissolve they must first 
be evolved, so that to affirm a "la.w of 
deterioration" is necessarily to imply 
a previous" law 9f evolution." In the 
normal course of Nature the effete and 
outworn must pass away. T.he spent 
molecules of our tissues have to -be 
eliminated, that more vitalized particles 
may replace them. Individuals when 
they get old and useless die out of t1le 
community, that their younger and more 
vigorous successors may carryon the 
work. On the larger scale, but in the 
same way, nations die out as civilization 
progresses; while civilizations them- 
selves are spent in the larger advance- 
ment of humanity. "'Te may brood with 
morbid sentiment over excretion, de- 
cay, and death, until there seems to be 
nothing else; yet these are normal 


things) and ar
 simply the correJates and 
the consequences of growth and life. 
President Seelye declares that in the 
past career of humanity" degeneration 
and decay vastly preponderate;" he 
should have explained how that can be 
-how there could. be a fall without a 
previous rise to make it possible. If 
he means that much the greater num- 
ber of nations' nnd civilizations come 
apparently to naught, we have simply 
to say that this is the law in the realm 
of Hfe: ß1e eggs that are wasted and the 
seeds that are scattered and lost vastly 
preponderate over those that mature. 
Nature is profuse in the waste of life, 
and sacrifices Inultitudes where but 
few are perfected. But is not this 
ruthless and wide-spread destruction 
only a part of Nature's policy for the 
attainment of grand results? The evo- 
lutionists affirm continuity of influence 
in the sphere of life, and that some of 
the nations and civilizations which de- 
cline and die pass on the impulses which 
tbey have gained to reappear in suc- 
ceeding and higher stages of national 
and racial development. President Seel- 
ye recognizes this principle of continu- 
ity in saying, "The lamp which lights 
one nation in its advancement has been 
always lighted by a lamp behind it." 
National advancement is here conceded, 
and also a series of advancements, each 
depending upon a preceding one. But 
is there nothing gained by accumulated 
experience 
 Is there no general prog- 
ress resulting from the advancement of 
nations in succession and under different 
circumstances? If the dissolution of 
states and the decay of civilizations do 
not break the continuity of those agen- 
cies by which man is civilized, how can 
they hinder that gradual improvement 
of the process and heighteuing of the 
effects which evolution implies as the 
consequence of prolonged, varied, and 
accumulated national experiences? 
If we try President Seelye's logic in 
a more special case, its quality will, 
perhaps, be more apparent. "Behold," 



EDITOR'S TABLE. 


62 3 


he might say, "the orchards of the in thcir elevating influence. Yet is it 
world! They deteriorate and decay, and not the essence of orthodoxy that it is 
nothing remains of them at last but the only true faith, and that all other 
withered branches, dead trunks, and so-called religions are delusions, im- 
rotten stumps. Where are the orchards postures, and heathenish superstitions? 
mentioned by P1iny, the orchards of the The implication of the inaugural ad- 
middle ages, the old. Indian orchards, dress contravenes evangelical theology 
or even the orchards of the Revolution? l)y assuming that there are other reli- 
The history of apples does not show an gions than that professed in New Eng- 
instance of an orchard growing by its land, which are genuinely attested as 
own efforts. The vitality which impels of supernatural influence by their civil- 
one orchard in its growth ha
 always izing impulses, and which have been in 
been kindled from the vitality of an operation whenever and wherever there 
orchard behind it. This is the simple has been any improvement in the con- 
truth of history, which makes all such dition of humanity. N ow, this recog- 
discussions as Mr. Darwin's respecting nition of the universality of genuine 
the descent of the golden pippin from religious influences, as opposed to the 
the sonr and miserable crab as false to exclusi ve claims of any particular sys- 
fact as they are abhorrent to pomology." tern, we understand to be the broad 
In regard to the second and main ground of rationalism; anù, if Amherst 
position of President Seelye's address orthodoxy can accept it, we shall cer- 
respecting the relations of religion to tainly be the last to complain. We only 
civilization, it is chiefly interesting from hope, however, that this surrender, 
the indications it affords of the ration- hørse, foot, and dragoons, to ultra-ra- 
alistic tendencies of New England or- tionalism, is not to be considered as a 
thodoxy. 'Ve by no means object to bomb-shell in the camp of evolution. 
the prominent part which he assigns to It is a serious 'question whether 
religion in promoting the progress of President Seelye has not here put a 
BIan; and are only agreeably surprised strain upon the claims of supernatural- 
:fit the catholicity of his position. The ism which endangers them. Grant- 
president says tllat "human nature ing the universality of the religious 
reveals no internal impulse to improve agency, he must explain why it is not 
and perfect itself;" this he maintains always efficient in the work of ele- 
is due to an external impulse, to a vation. The president points impres- 
power above man, which he assumes to sively to the phenomena of national de- 
be the agency of supernatural religion. generacy and decay. 'Viewed as a part 
But the transition from barbarism to of the order of Nature, these phenom- 
civilization has taken place on an ex- ena are explicable; but, from President 
tensive scale. President Seelye asks, Seelye's point of view, what reason is 
"Where are :now the civilizations of there why all that had been gained 
Tyre and Carthage, of Nineveh and should be thus thrown away? His 
Babylon?" His question implies that theory that true religious influences are 
they once existed, and his hypothesis coextensive with all phases of human 
of their origin is that they were the progress is an important step in tIle lib- 
product of religious inspiration and su- eral direation; and his further assump- 
pernatural agency. It will be hardly tion that the rhythmic successions of 
claimed that those ancient and extinct progress are due to an intermittent su- 
civilizations were due to the Christian pernatnralism can have little other ten- 
religion; but if not, then they were dency than to eliminate the supernatu. 
caused by other religions potent with ral from the investigation of the su b- 
genuine inspirations and supernatural ,ject. Why should President Seelye 
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stop half-way, and, hnving tnken latitu- 
dinarian ground in regard to the extent 
of true religious influences, why should 
he not complete the work of rational- 
ization by recognizing the religious ele- 
ment as a necessary and indestructible 
part of the constitution of human na- 
ture ? 
The question of the agencies by 
which man has been civilized or failed 
to become so, and which determine his 
present advancement or retrogression, 
in volves forces which do .not belong to 
an imaginary sphere of mystical ca- 
price, but to the orderly course of nat- 
ural things which it is the proper office 
of Science to explore. The religious 
ngency must submit to this ordeal, and 
be dispassionately studied in its laws 
of action in connection with and in 
the same way as all tbe other agencies 
which enter into the great result, and 
which are just as divinely ordained as 
that to which theologians are wont to 
ascribe everything, and of which they 
c1aim to be the special guardians. Pres- 
ident Seelye reëchoes tbe old assump- 
tion, although in a manner which shows 
how far his law of decay has already 
taken effect upon orthodoxy under 
tbe liberalizing influence of Science. 
But if the reader desires to obtain a 
better idea of the progress that the sci- 
entific method has really made in its 
application to the study of civilization, 
and to contrast its results with those 
of preceding methods, let him carefully 
read the opening article of the maga- 
zine in his hand. 


LITERARY NOTICES. 


.K m.n
lIA; OR, LEGAL TE
DER. By HENRI 
CERSl"Scm. .K ew York: D. Appleton & 
Co. Price, $1.25. 
THIS book contains the testimony given 
by M. Cemuschi, the well-known French bi- 
metallist, before the United States Monetary 
Commission in February last, together with 
several of his essays reprinted from other 
Sources. Although the work of an ardent 


advocate of n èouLle standard, defending 
his views with. ability, the book is not one 
which would afford much comfort to ;he sil- 
ver party of this country. 'Ve commend 
it to them for perusal; they will find well 
stated the extent of the mischief which 
would come from the adoption of the double 
standa.rd by the United States, unless a simi. 
lar e!tep be taken by all commercial nations. 
From it also the greenback-men might learn 
that a prime essential of good money is that 
its issue be an automatic issue which no one 
can control-something independent of lm- 
man agency-and this, of course, is an attri- 
bute that paper-money can never possess. 
As to the merits of a bi-metallic system, if it 
could be made universal-if the same ratio 
between gold and silver, anù the same mint 
la ws, could be establi
hed the world over- 
it is a question upon which a great deal is 
to be said on both sides, and certainly M. 
Cernuschi puts his side of the case very 
strongly. But we cannot help thinking 
that, practically, it is of about as much im- 
portance to us as a question of lunar poli- 
tics. The prospect of England, for exam- 
ple, abandoning the single gold standard is 
too remote for this phase of the question to 
be taken into present account. It is an in- 
teresting economic gpeculation, and nothing 
more. 
It may be added that M. Cernuschi pro- 
poses to make silver just as good as gold for 
all -purposes of money; worth just as much. 
He has, therefore, little in common with our 
silver-men: they would cease to care about 
the" dollar of our fathers" if it were made 
as good as gold; they want it only because 
it is worth less, and can be made the means 
of forcing a composition upon their credit- 
ors at something les_s than one hundred 
cents. 


SCIENTIFIC BASIS OF DELUSIONS. Bv G. M. 
BEARD, M, D. Pp. 47. New w York : 
Putnam's Sons. Price, 50 cents. 
THE author, in the introduction to this 
. little work, tel1s us that it is preliminary to 
a "work on the Philosophy of Delusions, 
which will aim to unfold in detail the phe- 
nomena of the Involuntary Life, incluùing 
Trance, and to give practical Imggestions 
for the reconstruction of the principles of 
evidence in thcir application to history anù 
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human elements involved, but with the same 
disciplined coolness of temper with which 
Herschel explored the heavens, and Lycll 
investigated the crust of the earth. "I have 
written," he says, "not as the advocate of 
Christianity or any other di
tinctive }'elig. 
ion, but as attracted on the one hand by the 
identity of the religious sentiment under all 
its great historic forms, and on the other by 
the movement indicated in their diversities 
and contrasts toward a higher plane of uni- 
ty on which their exclusive claims shall dis- 
appear." 
ORIE
TAL RELIGIOXS A
D THEIR RELATIOXS The second volume in the same line of 
TO UNIVER:5AL RELIGlON.-CHINA. By study ROW appears, and is devoted to China. 
SAMUEL JOHNS os. Boston: Osgood &, This is especially opportune, now that we 
Co. Pp. 975. Price, $5. have the Chinese problem upon us in so im. 
THE author of this work is an Oriental minent a form on the Pacific coast. The 
scholar of fine accomp1ishments, and a philo- Californians 
ill deal with it in the light of 
sophical student of theology in a very broad race-prejudice, and in its passionate and 
and liberal sense. He is a transcendentalist, sordid aspect
; but the intelligent mind of 
and like Emerson and Ripley he formerly the country will desire to inform itself re- 
preached, but like those worthies he out- garding tbe real character of this extraordi- 
grew tbe function of pulpit teacher, but nary people. To all who are thus inclined 
only to devote himself more assiduously to }'fr. Johnson's "Volume will be full of gra"Ve 
the pen. Starting with the religious prob- instruction. It is not a mere superficial de- 
lem of humanity, and treating it with the I lineation of Chinese life, such as a traveler 
freedom and boldness of the transc(>nden- wouM give us who had been impressed by 
talist, 
Ir. J obnson was soon carried be- I its s
nsuous aspects, but it is an analysis of 
yond the narrow boundaries of the faith he I the Chinese mind, an ethnic study, aud the 
had inheritcd, and was powerfully drawn to survey of a civilization. Education, go,'ern- 
the considcration of those ancient religions I mcnt, language, literature, hi
tOl'y, and 
of the East which are celebrated alike for I poetry, are taken up systematically in the 
their antiqHity, the vast multitudes of their division of "structures," and an immense 
believers, and the philosophical interest of amount of most important information is 
their doctrines and dogmas. This line of here co:npactly pre
enteù. It is of but lit- 
inquiry had such fascination for :Mr. John- tIe use to talk to Americans about educa. 
son, and seemed so full of promise as a. tion anywhere else in the world; yet, as we 
source of enlargement and a more catholic are mpidly sliding into the Cbinese system 
spirit to Christian thinkers, that he resolved, of education by state control, our peop1e 
twenty years ago, to devote himself to the might profitab1y look into the working of 
exposition of the Oriental faiths in connec- that system where it has had prolonged 
tion with the life of the Eastern peüples, for trial and worked out its legitimate conse. 
the advantage of English readers. quences. 
In 1872 he pubJished th
 first volume :Mr. Johnson has not failed to point an 
of this research on the" Faiths, Religions, incidental moral in this direction. He says: 
Philosophy, and Life of Indi
," as a contri- "Chu-tsze dcfines learning as imitation- 
bution to the natural history of religion. conformity to a prescribed standard; and 
His point of view was rational and scien- in these schools even or
anization holds an 
tific, and he delineated the characteristics inferior place to the mere act of ' repeating 
of the Hindoo mind, i
s traditions and social after the teacher, each by himself, in a 
forms, its piety and morality, and the specu- shrill voice, rocking to and fro.' This per. 
lative principles, ethics, and humanities of fect image of automatism is not without re- 
Buddhism, with a deep sympathy for the semblance to the arrangements into graded 
VOL. XI.-40 


to logic-to science and to law." In the 
prQsent volume he proposes a new theory 
of trance, and considers its bearings on hu- 
man testimony. Trance-whether natural 
as somnambulism, or self-produced as by 
so-called "trance-speakers "-results from 
activity of a. portion of the brain-substance 
while the remainder sleeps: this is the" In- 
voluntary Life." In this state men see 
\"'isions, receive revelations, and have ecsta- 
sies, after the manner of Mohammed, the 
mediæval saints, and Swedenborg. 
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classes, so much admh'ed in our 'Vestern I esty and humility; reverence for the old; 
school systems, and to those arts of 'read- the evil of war and the wickedness of cruel- 


ing in concert' which are believed to have 
such virtue in our democratic culture. 
" It would in fact be difficult to imagine 
a better outward symbol of the mental status 
produced by these processes of an excessive 
organization, so widely admired in the pub. 
lic schools of America. They tend to de- 
stroyall possibility of original force. Read- 
ing, for instance, is becoming reduced to 
as purely mechanical a conformity to pre- 
scribed tone, time, and empbasis, as the 
Chinese custom of repeating words after the 
teacher has produced without any organi- 
zation whatever. Chinese boys, rocking 
out their parrot tones, eagerly copying the 
master, or 'backing the books,' do but 
openly confess, in their noisy routine of 
imitatiol1, the mental slavery which our pre- 
vailing system disguises under the varnish 
of a 'dril1.' 'Reading in concert' has 
played its part in the Chinese system also, 
with effects upon voice and n:tanner which 
we need not cross the hemisphere to find in 
full operation. 
" Concerning' imitation' as a principle 
of culturo, let us add that, false as it is, its 
1110ral quality at least is higher when it fol- 
]øws, as in China, a type tbat does not 
change with human caprice, than when it is 
subject to arbitrary crudities and idioiyn- 
crasies imposed on the pupils h:t individual 
teachers. In both cases, however, the real 
ultimate reference is to an all-powerful au- 
thority in that public sentiment and com- 
mon belief of which these educational sys- 
tems are meant to be the expression. And 
whcn this public contl'ol has become all- 
pervading, as it stcadily tends to be, whether 
as Chinese tradition of ages, or American 
fashion of the hour, its effect through imi- 
tation, in leveling and trimming young minds 
into 8: dull, sclf-satisfied uniform it)', is in- 
disputable. In the course of ages it has 
cast all Chinamen in one mould, and made 
their intelJectual productions as monotonous 
as their physical type. The warning is for 
us, even at the opposite pole of social and 
political character." 
Of moral education the author says: 
"}[ol'e prominent than rote-work in the 
programme of t.he school system is respect 
for moral laws as cte;:nal and divine. 
Iod- 


ty and conquest; the love of truth, purity, 
and self-restraint; delicacy of feeling, de- 
votion to duties, fidelity to functions-arc 
the burden of this popular teaching, the 
very substance of text and precept. I be- 
lieve, not only that the whole series of read- 
ing-books used in the schools of China does 
not contain a _ single impure precept, but 
that there is scarcely one noLle conception 
of duty and humanity that cannot be found 
represented in the daily recitation!5 of these 
children of a grand ethical literature, who 
are taught to prize it) not with slavish super. 
stition, but for the naturalness of its ideal. 
Nor does this textual teaching fail of a 
practical basis in the home. It would be 
difficult to find any Ìl'eatise on home educa- 
tion more admirablc than the' Instructions 
of the Sacred Edict,' whose utilitarian wis- 
dom is here overflowed by tenderest senti- 
ment." 
In regard to Chinese education in man- 
ners, :Mr. Johnson remarks: "As the moral 
relations are expressed in a concrete ideal, 
in which no change is supposed possible, so 
they arQ embodied in rites an d ceremonies 
which share their sacredness. As the child 
learns ideas in the form of actual written 
characters, so he conceives duties in the 
form of strictly-regulated actions. Hence 
the prime importance of the' proprieties' 
in education. They are not affectations, 
but recognized as the natural order of con. 
duct, the virtue of behavior. . . . The au- 
thority of fixed rules of behavior, while 
scarcely more absolute than that of fashion 
in 'Vestern society, is not, like fashion, de.. 
tached from the highest law of ethics and 
faith, but is strictly identical with it. To 
the Chinese, their ceremonial is siJllply man 
in his manifold relations. Its minute rules, 
which appear to exhaust the possibilities of 
prescription, are believed to express maQ's 
normal relations to the universe. They 
seem, in fact, to have historically grown out 
of the national consciousness of these rela. 
tions, instead of being imposed by arbitra- 
ry åuthority or transient will. 'Vbat they 
correspond with in 'Vestern life is not our 
etiquette, red tape, or rcligious formalism, 
but such conformities as are admitted by 
all of us to be natural, proper to all right 
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performance of functions, and therefore of 
highest import. These conformities would 
of course differ from those of the Chinese, 
being based on more complex relations and 
wider knowledge of Nature, and hence more 
open to changes of detail; but their ethical 
ground is really the same. Thus the minute 
ritual of Chinese filial pie"ty consists in rou- 
tines of conduct which are recognized as 
beyond aU question the best, and indeed 
the only, ways in which an ideal love and 
reverence can be fulfilled. It is sufficiently 
clear, from the 
pÏ1'it of these prescriptions, 
that this minuteness itself is simply an en- 
de
tVor to inspire the whole of domestic life 
with real reverence and love." 
After a bl'oad sketch of the Chinese 
character and quality, 
Ir. Johnson passes 
to a study of the Chinese sages, their doc- 
trines "and influence, and the national beliefs 
on religious subjects, the developmen
 of 
Chinese Buddhism, missionary experiences, 
and closes his work by a presentation of 
the philosophy, metaphysics, and anthro- 
pology, that prevail in China. 'Ve cannot 
here even attempt to give the author's con- 
clusions upon many important topics which 
he considers, and will only say that whiJe 
he evidently has great respect for much 
that is to be found in the institutions and 
ideas of this great division of the Oriental 
world, he is by no means an undiscrimi- 
nating admirer of evel'ything Chinese. Of 
course they are benighted heathen, and we 
send missionaries to instruct them in better 
religious ways. This attitude, however, is 
not altogether favorable to a just judgment 
of the Chinese character, and 
[r. Johnson 
has done an excellent service in correcting 
our prejudices and giving us truer views of 
the faith and life of so large a portion of 
the human family. 


A HA
D-BOOK OF DESCRIPTI
 ASTRONOMY. 
. By GEORGE F. CH.umERS, F. R. A. S., of the 
Inner Temple, Barrister-at-Law. New 
York: )Iacmillan & Co. ,Pp. 938. Price, 
$10. 
THIs is in all respects a most exccUent 
book on astronomy, clear, full, splendidly 
illustrated, ca.refully accura.te, and in a high 
degree popular. Thç first edition was issued 
ten years a
o, and a third being now caned 
for, the author has thoroughly revised it and 
added two hundred pages of new matter, 
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bringing it sharply up to the time. His rea- 
son for making the book is thus stated: 
" There is a lack of works in the English lan- 
guage which are at one and the same time 
attractive to the general reader, servieeable 
to the student, and bandy, for purposes of 
reference, to the professional astronomer; 
in fact, of works which are popular without 
being vapid, and scientific without being un- 
duly technical" In regard to the present 
edition 
Ir. Chambers says: "There is 
scarcely a single page which has not ,been 
to a greater or less extent dressed up, or in 
some way amended, with the object of mak. 
ing its statements more accurate in sub- 
stance or intelligible in diction. The most 
important changes will be found in the chap- 
ters dealing with the sun, sidereal astron- 
omy, and astronomical instruments. The 
descriptions .of clusters and nebulæ have 
been made more numerous, and the lists of 
objects critically revised one by one actu- 
any at the telescope, so as to make that por- 
tion of the work more completely than for- 
merly a vade mecum for the mere star-gazer, 
who is an astronomer simply in the respect 
that he is the owner of a telescope. Indeed, 
it has been chiefly with this idea in view 
that EO much additional matter has been 
introduced into the chapters relating to 
astronomical instruments. The' Practical 
Hints' and suggestions have been gathered 
from so many sources, and embody the col- 
lective wi
dom and experience of so many 
men, that they cannot fail to deserve atten- 
tion. I believe also that this volume now 
stands alone in its full description, so far as 
regards the wants of amateur observers, of 
the mounting and use of reflecting tele- 
scopes." 


LIST OF ELE"'Ç'ATIOXS, PRIXCIPALLY IX TßAT 
PORTIO
 OF THE LNITED STATES WEST OF 
THE MISSISSIPPI. By H. GAXNETT, Y. E. 
\Vashington: Government Printing-Of- 
fice. Pp. 164. 
THIS fourth edition of the work named 
above embodies the results of its author's 
continued labori down to 1877. It con- 
tains profiles of nearly all the railroads in 
the region west of the Mississippi; eleva- 
tions of many thousands of points; mean 
heights of the States and Territories; slopes 
of the principal streams in the 'Vest, etc. 

\. map (If the United States, in approximate 
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contours 8f 1,000 feet of ,-crtical intervals, 
and embodying all the results of the au- 
thor's researches on elevations, accom- 
panies the work. 'Ve are informed that) 
"to express still more clearly the facts 
brought out by the map, it is the intention 
of the Survey (Hayden's) to make shortly 
a relief model of the united States on the 
basis of this map." 


I
FLC'ENCE OF PHYSICAL CONDITIONS IN THE 
(;-ENESIS OF SPECIES. By J. A. ALLEN. 
(From the Radical Review.) Pp. 33. 
ltIR. ALLEN, in enforcing his thesis that 
the "conditions of environment" are the 
principal factors in modifying species, ad- 
duces some very instructive examples of 
the progressive enlargement of certain 
peripheral parts of animals as we go from 
tbe north to the south. Thus the ears of 
wolves, foxes, some deer, and hares, are 
larger in southern than in northern indi- 
viduals of the same species. In birds, tbe 
enlargement of the bill, claws, and tail, is 
specially noticeable-the bill being pecul- 
iarly susceptible of variation. This, the 
author remarks, accords with the general 
fact that "an the ornithic types in which 
the bill is remarkably enlarged occur in the 
intertropical regions." A similar pro
res- 
sive chan
e southward .is remarked in the 
color of a
imals, especially birds
 I 


THE GEOLOGY OF THE EASTERX PORTIOX OF 
THE UINTAH :MOUNTAINS. Bv J. 'Y. 
POWELL. 'Yashington: Government 
Printing-Office. Pp. 217. 
THE region described in this report by 
Prof. Powell comprises three great geologi- 
cal provinces, designated re:5pectively the 
Park Province, tbe Plateau Province, and 
the Basin Province, succeeding one another 
in this order from east to west and alllyinO' 
, "' ö 
east o
 the Sierra Nevada and west of the 
great Plains. The whole region is one of con- 

iderable geological intere3t, as presenting 
on a large scale three great categories of 
facts, Immel)', those relating to di:::placement, 
degradation, and sedimentation. The forma- 
tions here studied have an a
gregate thick- 
ness of 50,000 feet, and embrace strata of 
the Palæozoic, the }lesozoie, find the Ceno- 
zoic ages. The volume is fully illustrated 
with plates and woodcuts, and accompanied 
by an atlas of colored maps. 


GEOGRAPHICAL SURVEYS WEST OF 'l"HE OXE- 
HUNDREDTH :MERIDIAN. By Lieutenant 
G. 
1. \YHEELER. rp. 355. '\ïth Il- 
lustrations. \YashinO'ton: Government 
Printing-Office. 0 
DURING the Y ear endincr June 18 7 6 
ö , , 
Lieutenant 'Yheeler's Survey was organized 
in two divisions, designed to operate, the 
one in California, and the other in Colorado 
and K ew 
Iexico. The volume before us, 
besides the general report of Lieutenant 
\Yheeler, and the executive and descriptive 
reports of the officers in ch:lrge of the Cali- 
fornia and Colorado divisions, contains scv- 
eral special reports by scientific men at- 
tached to the survey amon cr which we ma\' 
'c _ 
mention, as possessing a direct popular in- 
terest, reports by Dr. Loew on alkaline 
lakes and mineral springs in Southern Cali- 
fOI'nia, and on the physical and agricultural 
features of the same region; a report by 
Dr. Yarrow on ethnological researches made 
near Santa Barbara; an analysis by A. S. 
Gatschet of eleven Indian dialects; last, but 
by no means least, Lieutenant Bergland's 
report on the operations of a party com- 
missioned to determine the feasibility of 
diverting the Colorado River for purposes 
of irrigation. 


PllECURSORY K OTES ox A
IERICAX IKSECTI\- 
OROUS MA}nlALS. By Dr. ELLIOTT COGES. 
(
rom. Hayden's" RepOI'ts.") Pp. 22. 
" ashmgton: Government PrintillO'.Or- 
flee. Ö 
THE insectivorous mammals here de- 
scribed belong to two families, namely: 
Talpid((J, or moles, and Soricidæ, or shrews. 
Of moks the author reeognizes four good 
genera as existing in America, Immel}": 
ScaZops, Scapanu.<;, CondyZu'ra, and Urotri. 
ch1tS. Urotl'iclws is the Qnly one of the 
four known to be common to both hemi- 
spheres. Of European genera of S01'icidæ 
Ol
ly one, So'rex, is known to occur in Amer- 
ica; Blarina i:3 the most charaeterist1c 
American genus. The third and last of the 
American genera is .LVeosorex. 


REPORT OF THE PHILADFLrHIA BOARD OF 
HEALTH :rOR THE l
EAR 1873. Pp. 351. 
'YE bave specially to commend this ,01- 
ume for the many neat graphic charts which 
it contains. Statistical tables are always 
dl') and confùsing, but when they are ca
t 
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into the shape of graphic charts even the 
most carelcss cannot fail to note the fluctu- 
ations of the quantities which thcy rcpre- 
sent. Among tbe matters treated of in the 
body of the report, we woulù name espe- 
cially the .llunicipal Hospital, water-supply, 
nuisances, as fat-boiling,. intramural inter- 
ments, etc. The deaths in Philadelphia for 
the year covered by the report numbered 
17ß.O:S, an increase of 2,567 over the pI e- 
ceding year. The exhibit of the st:ltistics 
of mortality among children under ten was 
less favorable than u:,ual; the year 1872, 
when small-pox committcd such ravages, 
was not as fatal to chilùren as 1875. Diph- 
theria prevailed to an extent unprccedent('d 
in the records of the preceding sixteen 
years. 


COÒRDDUTE SURVEYI
G. By H. F. 'VAL- 
LING, C. E. Pp. 19. 'Vith Plates. (Fl'Olll 
" Proceedings of the American Society 
of Civil Engineers. H ) 
THE object of this essay is best stated 
in the words of the author himself, who 
says: "It is the object of this paper to 
point out a simple method by which the 
high degree of precision which accompanies 
the Coast Survey work may be made avail- 
able in the ordinary operations of land-sur- 
veyors and civil engineers, in those districts 
over which the Coast Survey triangulations 
have been carried, and at the same time to 
call attention to the importance of an cx- 
tcnsion of these triangulations over the en- 
tire country. H 
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anù by such persons, that it would be a re- 
flection on them to reviße it." It is a great 
satisfaction to have something at last that 
will be stuck to and can be depended upon. 

\.nd, now that we have something that is to 
stand like a lighthouse amid tbe storms of 
cantroversy, it is well to be fully aware of 
its value, and we notice that the Journal of 
Speculative Philosophy, in its April issue, 
testifies of the author that U for tilting 
against the Darwinians, Spencerians, Com- 
tians, COl'relationists, Evolutionists, et 'lod 
!/tnll6 omne, he is well enough accoutrcd, 
amI is mighty in his cause." 'Ye shall do 
w
l1 not to forget how thi
 puissant finality 
in modern polemics originated. The Jour- 
nal says of the author, " At the age of four- 
teen he became a skeptic, and lectured in 
public on the skeptical side of the question." 
The precocious rogue pUJ'sucd this scan- 
dalous course for ten years, when he was 
abruptly pulled up, and took the back track. 
The Journal sa}'s," At the age of' twenty- 
four he met a preacher, who converted him, 
and he began his career as a lecturer against 
skepticism, the fruits of which are contained 
in the volume before us." Now, if anybody 
wants to stop a great scientific movement, 
he wil1 know how to prepare for it. 


'VHY THE EARTH'S CHE.\IISTRY IS AS IT IS. 
By J. N. LOCKYl:R, F. R. S. L. 
ew 
York: Macmillan. Pp. 59. Price 25 
cents. 


THREE lecture
 by Mr. Lockyer are con. 
tained in this volume; they were originally 
delivered at Manchester, before a popular 
audience. In the first of these the author 
PROBLEM OF PROBLEMS. 
gives a singularly clear account of the prin- 
'VE noticed, not long ago, a book enti- ciples anc1 main results of spectrum analysis 
tied the "Problem of Pl'Oblems," a discus- of nebulæ and comets. The second lecture 
sion of atheism, Darwinism, and theism, treats of meteorites, and the chcmical con- 
which has been much praised by theological stitution of the stars and the sun. The 
authorities as an annihilating criticism of third lecture treats of the planets of our 
Evolution and the Darwinian school. The system and their atmospheres, and con- 
book received some damaging criticism, and I eludes with an exposition of the theory of 
the rumor got started that it would be re- evolution. 
vised. But it seems this is an error. 'Vhat- I 
ever else may change in this world of muta-I THE TAILED AYPHIBIA
S, INCLUDING THE 
tions, the" Problem of Problems" and its I CÆCILIANS. By 'V. H. S\lITH. Detroit: 
Rolution in President Bmden's book will re- lIerald print. Pp. 158. 
main unchanged. The author announces In THIS monograph, prcpared as a thesis 
the Cincinnati Christian Standw'd that" it to be prescnted to the Faculty of :Michigan 
will never be reviscd. u He says, "The com. University for the degree of Ph. D., very 
mcndations of the book have been such, succinctly describes the distinguishing char- 
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GOLD A
D DEnT. An American Hand-nook 
of Finance: By 'V. L. FAWCETT. Chi- 
cago: S. C. Griggs & Co. Price, 81.75. 
CONSIDERABLE useful information, and a 
number of tables convenient for reference 
have been gotten together in this book. Th; 
money units of the world, paper, coin, sus- 
pension of specie payments, et('., are the 
subjects of a series of chapters which show 
that the autho
 has bestowed a good deal 
of labor on them. He says, however, that 
"the first object was the compilation in 
PRINCIPAL CHARACTERS OF TUE CORíPHODON- compact form, convenient for reference, of 
TIDÆ; CHARACTERS OF THE ODONTOR- trustworthy statements and figures r<,gard- 
NiTIlES; X OTICE OF A NEW AND GIGANTIC ing the great factors in the financial prob- 
DINOSAUR. By Prof. O. C. :MARSH. Pp. lems of the day." There is certainly a need 
6. 'Vith Plates. (
"'roll1 American Jour- 
nal of Science and .Arts.) for such a book, but this volume hardly 
. supplies it. The discussion ()f subjects too 
A SPECIAL mterest attaches to the genus I l' h . d f 1 b 
. arge lor IS space, an 0 ot leI'S tat are 
Corljplwdon, masmuch as it occurs in t!1e I I I . I t k . d 
: . pure y specu at1've, las a -en up tune an 
tertiary strata of both hmlllspheres. In the th t t Id h b d . II 
room a s lOU aye een use III co ect- 
second paper named above Prof. Marsh . . . 
., ' mg and arrangmg the materml proper for a 
l!IVeS certam characters common to the 1 d b k TI ' t 
 I 

 . . Ian - 00. ur y-one pag<,s, lor examp e, 
odontormthes WIth the ostrich. The third . t t . t f tl t f Id 
are g1'ven 0 es Ima es 0 lC amoun s 0 go 
paper contains measurement3 of portions of 1 . 1 . th Id t f I t . 
. . . .. an( SI verm e wor -a80r 0 specu a IOn 
a dmosaur whICh surpassed III magmtude 4-11 t . h II tl1 Th . I I f 
. . . . H13 IS W 0 Y wor I ess. ere IS a ac \: 0 
any land - ammal hlthp.rto dIscovered, Its t . tl t ft} 4-n bl th 
sys em m Ie arrangernen () If' U1 es; ere 
lenO'th havinO' bcen probably from fifty to . . 
. ö ' 0 are unnecessary repetItIOns and un account- 
SIxty feet. hI ..' d fi II h . . 
a e omIssIOns; an, na y, 1: ere IS no 111- 
dex, a negligence not to be forgiven in a 
work of this kind. Still, it will be found con- 
venient for the husiness.man and the stu- 
dent until a better one is prepared, which, 
as' this is not a very remunerative field 01 
work, may be a long time. 


acters of the several orders of animals be- 
longing to the class Amphibia. \Vherever 
the author had it in his power to study the 
characters of the animals he describes, 
either in living specimens or in natural his- 
tory collections, he has done so; in other 
cases he has had recourse to the writings 
of the best authors. The work is one of 
solid merit, both for its original research 
and for its concise presentation of the re- 
sults of prior investigation. 


TOPOGRAPHICAL ATLAS SIIEETS. 
THESE "Atlas Sheets JJ are a portion of 
a series of maps de:::igned to embrace the 
territory of the United States west. of the 
one-hundredth meridian. The present set, 
seven ìn number, are devoted to the topog, 
raphy of portions of Colorado, Arizona, 
and 1'\ ew :Mexico. They are based on the 
results obtained by 'Vheeler's Survey. 


IRON AND STEEL CONSTRUCTIONS. ny .T. J 
".. EYRAGCH, Ph. D. Pp. 112. 'Vith 
Plates. New York: Van Nostrand. 
Price, $1. 
THE problems discussed in this little vol. 
ume, namely, the strength and calculation 
of dimensions of iron and steel con
truc- 
tions, have for some time engaged the at- 
tention of engineers on both sides of the 
Atlantic. The author presents a general 
view of the results so far obtained, and 
offers formulas of his own based on \Vöh- 
le1"s law. The calculations have special 
reference to bridge and building construc- 
tions. 


ÛRXITHOLOGY OF THE REGION ABOUT TIIF 
SOURCES OF THE RED RIYER OF TEXAS. 
By Lieutenant C. A. II. MCCAULEY. (From 
Hayden's "Reports.") Pp. 40. ".. ash- 
ington: Government Printing-Office. 
LIEUTE
ANT MCCALLEY, while on sick-- 
leave in Southern New Mexico, attached 
himself as a volunteer to an exploring ex- 
pedition conducted by Lieutenant Untrner, 
of the Engineers. His duties mainly related 
to the survey proper, and he was able to 
devote to the collection of ornithological 
specimens only the leisure time left after 
the tIay's work or the day's march was over. 
Nevertheless, he has made a sub
tantial 
contribution to the avi-fauna of the region 
explored. The report is edited and anno- 
tated by Dr. Elliott Coues, United States 
Army. 
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Supplemental Remarks on the Physiological 
Effects of Severe and Protracted "Muscular Ex- 
ercise, witb ERpecial Refereuce to its Influence 
upon the Excretion of Nitro(!"en. By Prof. Aus- 
tin Flint, Jr., 1\1. D. From tbe ,Journal of Anat- 
omy and Phy,'?ioloJY. Pp.9. 
Some Remarl{ahle Gravel-Ridges in the Mer- 
rimackYalley. By Geo. F. Wright. From Pro- 
ceedin!!8 of the BO!
ton Sodety of Natural His- 
tory. Pp.17. Maps 3. 
Report on Dermatology. By L. P. Yandell, 
Jr., :M. D. From the American Practitioner for 
June, 18i7. Louisville, Ky. Pp. 8. 
A New Te
t-Reaction for Zinc, and other 
Laburatory Notes. Pp.6. And Notes upon the 
Lithology of the Adirond3cks. Pp. 35. By Al- 
bert R. Leeds. From the Amtric(lJ
 Chemist 
for March, 1877. 
On the Production and Use of Compressed 
Air in )[ining- Operutions. By 1\1. F. L. Cornet. 
Tr3nslated from the French bv Robert Zahner. 
From the Journal of the Franklin lnstitute, for 
June and July, 1877. Pp.21. 
On the Brains of some Fish-like Vertel)rates; 
on the Serrated Appendages of the Throat of 
Amia; on the Tail of Amil1. By Burt G. \Yilder, 
1\1. D. From Proceedings of the American As- 
sociation for the Advancement of Science, 1876. 
Pp. 11, and Plate. 
The Scientist'l; Theology. By E. A. Beaman. 
New York: E. H. Swinney, 1877. Pp.2-1. Price, 
10 cents. 
On tbe Use of Large Probes in the Treatment 
of St,"ictures of the Nasal Duct. By Samuel 
Theobald, N. D. From the Transactions of the 
Med}cal and Chirurgic!ll Faculty of :Maryland. 
Baltlmor
, 1877. Pp. 2
. 
Report of the Director of the CentrRI Park 
Menagerie, for 1876. N ew York, 18';7. Pp. 34. 
. Facts and Figurcs for 
lathematician8; or, 
The Geometrical Prohlem which Benson's Ge- 
ometry alone can liIolve. By Lawrence S. Ben- 
son. New York: 149 Grand St. Pp. 22. Price, 
30 cents. 
On the Possihilit.y of Transit. Obscrvntions, 
without Persona] Error. By S. P. Langley. 
From A.merican Journal of Science and .Arts, 
July, 1877, Pp.6. 
. 
eport on the Discovery of Supposed Paleo- 
hthIC Implemellti!, from the Glacial Drift in the 
Valley of the Delaware River, near Trenton, 
N. J. By Charles C. Abbott, 1\1. D. Cambridge, 
18ï7. From Tenth Annual Report of the Pea- 
body Museum. Pp. 14. Illustrated. 
Addrcss deliver(>d by Hon. A. J. Peeler, be- 
fore the State Agricultural and :Mechanical Col- 
lege of Texas, June 26,1877. Austin. Pp.34. 
The. Pne!1ID!ltic Electric System for 1i!!hting 
and extlllgUl
hmg the Gas used for Street-LiO'hts, 
and the U8e of the Apparatus for General Tele- 
graphic Purp08es. By John H. Blake. Boston, 
1877... Pp.33. Illustrated. 
The National Guardsman. A Journal devoted 
to the Interests of the National Guard of the 
United States. Vol. i.. No.1. August, 1877. 
Monthly. Pp. 16. Price, $1 a year. 
Thirty-third Annua] Catalogue of the Officers. 
Faculty. and Students, of the University of 
Notre Dame, Indiana, for the Academic Year 
1876-'77. Pp.62. 
Remarks of R01}ert E. C. Stearns on the 
Death of Colonel Ezekif>l Jewett; alllI also on 
the Late Dr. Philip P. Carpellter. Before the 
California Ac
demy of Sciences. Pp. 5, each. 
The Magnetism oflron Ve
sels, witb a Short 
Treatise on Terrestriall\1ag-neti
m. By Fairman 
Rogers, New York: D. Van Nostrand, 1877. 
Pp. 125. Price, 50 cents. 
Art - Education applied to Industry. By 
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Geor
e "'"ard Nichols. "'"ith Illustrations. New 
York: Harper & Brothers, lS77. Pp.211. Price. 
$4. 
The American Palæozoic F08
ils. A Catalogue 
of the Genera and Species, etc. By S. A. l\1iller. 
Cincinnati, 1877. Pp.253. Price, $3. 
:\le8merisID, Spiritualism, etc. By. William 
B. Carpenter, LL. D., F. R. S. New York: D. 
Appleton & Co., 1877. Pp. 158. Price, $1.25. 
The Question of Rest for Women during }Ien- 
8truation. By Mary Putnam-Jacobi, }1. D. The 
Boylston Prize E8
my of Harvard University 
for 18ï6. Illu8trate<1. New York: G. P. Put- 
nam'a Sons, 1877. Pp.232. Price, $3.50. 


POPULAR MISCELLANY. 


Death of Prof. Sanborn Tenney.-"r e 
have learned with regret of the death oÌ 
Pl'Of. Tenney, which took place on July 
9th, at Buchanan, Michigan. The sad event 
. was unexpected, as the deceased had, one 
I week previo,usly, seemed to enjoy perfect 
health. The cause of death is suppo
ed to 
have been heart-disease. From an appre. 
ciative biographical sketch of the deceased 
which has appeared in the New l'"01.k H'"orld 
we gather the following particulars about hi
 
scientific labors: In 1868 he was Professor 
of Natural History in Vassar College, and 
in the same year accepted a like position in 
'Villiams College. He had already pub- 
lished an elementary text-book of geology, 
which is still, after repeated revisions, 
largely used in high-schools and academies. 
He was a frequent contributor to period i- 
I calliterature of scientific articles of a pop- 
: ular kind. The present number of the 
MOXTHLY contains probably the latest essay 
of this description written by him. He was 
an enthusiastic and careful student, a pupil 
and admirer of Agassiz, and like his distin- 
guished preceptor he excelled as a teacher. 
Besides the "Geology" mentioned above, 
Prof. Tenney compiled several other pop
 
ular text-books, among them one on zoölo- 
gy. He occupied the chair of .N atu.ral His- 
tory in 'Villiams College down to the time 
of his death. He was to have been in 
charge of an expedition of college-students 
to the far 'Vest this !!leason, and on the 
day he died was to have joined the expedi- 
tion at Chicago. 


Rrmains that were not prehistorit.- 
We have received from a source unknown 
to us two clippings, from t.he W'Úkl!! Press, 
presumably of Santa Barbara, California, in 
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which mention is made of the result of ex- 
cavations in "the Carpentaria." These ex- 
cavations .led to the discovery of a large 
mass oÌ human bones, domestic implements, 
trinkets, and other objects, which were at 
fir5t supposed to be V' prehistoric." The 
ardor of the explorers was, however, much 
dampened wben they found among the 
treasure-trove such modern articles as 
glass beads and glass wine-bottles, and the 
conclusion was inevitable that the curiosity- 
seekers had simply struck" a big graveyard 
of the nathê population, whom the mission- 
ary padres found and taught here eighty or 
one hundred years ago." A letter of in- 
quiry baving been addressed to Mr. Hubert 
H. Bancroft, author of "The Native Races 
of tbe Pacific States," that gentleman ex- 
pressed in the following terms bis opinion 
of the suppos('d prehistoric charactoc of the 
Carpenteria "find: " 
"There is 110 evidence whatever in Cali- 
fornia of a race older or more civilized than 
that found by Europeans a century or so 
ago. In 
Iexico and Central America the 
case is very different. There are a few ma- 
terial remains in Northern Mexico, Arizona, 
and New Mexico, but nothing, so far as I 
have been able to discover, north of these. 
points." 


Rare l'linHals in ('olori1do.- 'Y riting of 
rare minerals found in Colorado, :Mr. T. F. 
Yan 'Vagcnen, in the Engineering and 
lJIining Journal, says that thallium, in- 
dium, and cadmium, have lately been de- 
tected in ores from that State. Of the 
rarer metals there have been found in Colo- 
rado, besides the three mentioned above, 
nickel, cobalt, selenium, tellurium, uranium, 
bismuth, molybdenum, and platinum, and 
there is scarcely a doubt that columbium, 
thorium, titanium, and vanaùium, will be 
recognized as soon as proper search is 
made. A belt of tellureted veins is be- 
lieved to traverse the entire State - from 
north to south. Two years ago, sylvanite 
and aitaite were found in San Juan County. 
The principal locality for bismuth-ores is in 
Geneva, where two mines are being worked 
that carry a considerable quantity of schir- 
merite. Sulphide and carbonate of bismuth 
occur on Sugarloaf Mountain, Boulder Coun- 
ty. Kuggets of native bismuth are common 


in the upper gulches of the Blue V:illey; the 
same metal has been found also in the .AI'. 
kansas Valley. Nickel-ore, ranging from two 
to five per cent., has been found in three 
localities. Among the mineralogical cUl'i08i- 
ties of tbe tellurium belt may be mentioned 
a telluride of mercury found in the :Mountain 
Lion mine. Native mercury and amalgams 
of both gold and silver have also been found 
at several point
 along this belt. 


TIle '-ienna Scientific flnb.-In January, 
1876, the project of lounding a Scientific 
Club in Vienna was considered at a meeting 
of the Geographical Society of that city. It 
was very favorably received by the members, 
and measures were taken to carry it into 
execution. Before many weeks the club was 
organized, and suitable quartel's provided 
for it in the house occupied by the Austrian 
Association of Engineers and Architects. 
There the club finds ample accommodation 
for the social gatherings of its members, as 
also for its regular Thursday-evening meet- 
ings for scientific discussion, and its more 
public entertainments. In .March, the num. 
bel' of members was nearly 700, and it was 
steadily incre
sing. The Jearly dues of 
members of the club amount to only sixteen 
florins-less than eight dollars-and there 
is an entrance-fee of five florins. The club 
has a growing library and reading-rooms, 
with a very large number of periodicals, 
scientific and literary, on file. If such club a 
as this, and equalJy inexpensive, were found- 
ed in our large American cities, they would 
afford a much.needed means of communica- 
tion between workers in different branches 
of science. Further, they would give some- 
thing like organization to the body scientific, 
and perhaps add weigbt to sc
entifi.c opinion. 


Steel-Bronze (annon.-U chat ius's inven- 
tion of "steel-bronze U cannon rests, says 
JYa
ure, on the obiervation that all métals 
(lead and zinc excepted) gain an increase 
of elasticity, after undergoing a continuous 
. weighting above their first limit of elastici- 
ty. ;Later experiments by the inventor of 
the steel-bronze cannon appear to show 
that even homogeneous bronze is capable 
of a great increase of its elasticity through 
simple stretching without conùensation. It 
is only a stretching of the metals above 
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their limit of elasticity, whereby the mole- Domenon was observed in dark-blue flowers 
cules, brought to a state of flow, glide over of this plant, and it was found to occur 
each other, and assume a wholly new po- under two aspects, viz., 1. .A reddening of 
sition mOl'e favorable to resistance, that the general blue' color when the air is 
causes the increase of elasticity. A simple charged with moisture; and, 2. The produc- 
condensation produces merely an increase tion, by drops of rain, of sharply-defined 
of the absolute solidity and diminution of spots upon the blue, which are at first red, 
the tenacity, but no real increase of elas- and then bleach to white. Prof: :Martin 
ticity. The limit of elasticity lllay be raised was led to examine the subject experimen- 
nearly to the breaking consistence, so that, tally, by testing the flowers with acids and 
in many cases, it is six and seven timcs the with ammonia-water. The result was such 
originaL lIere stretching for a short time as was to have been expected with yege- 
is of little use; the tension must last a con. table blues, that is to say, the ammonia had 
siderable time. It is also well to apply a no effect, while the solutions of acids (ox- 
gradually-increai\ing weight. a1ic, tartaric, and carbolic) produced the rod 
I coloring easily. Tried upon the pink varie- 
PrOI)Cl'ties of White Paint.-As the re- I tyof flowers, the acids had no effect, and 
suIt of hundreds of experiments in carbon- the ammonia produced a strong blue color, 
ate of lead and hydrate of lead, both sepa- 'which ere long passed away by evaporation. 
rately and mixed, .Messrs. 'VigueI' and Har- It is therefore evident, the author concludes, 
land, of the British Society of Public Ana- I that this effect is due to some acid sub- 
IY5ts, reach the conclusion that a white 
tance dissolved or abso
'be
 by atmospher- 
paint, to be efficient, and to possess both Ie water. If the. latter IS dIffused through 
the powers of laying on readily and easily, the air without precipitation, a general red- 
and by its opacity biding the colol' be- dening of the blue corolJas appears; if it 
neath, must consist of an admixture of hy- faUs upon them as rain and stands for a 
drate aud carbonate of lead in a certain while, every drop produces a sharp spot 
definite proportion. The true proportion I that passes from reù to white. 
would appear to be three equivalents of 
carbonate of lead and one equivalent of hy- I Barß"s 3Jethod for preserving Iron.-A 
drate. The experiments further 
how why method proposed by Prof. Barff for pre- 
zinc-wbite, carbonate of magnesia, and other venting the corrosion of iron consists in 
metallic oxides and carbonates, do not yield producing upon the surfaces of the iron 
good paints. In tbe case of white-lead a pos- articles to be protected a coating of the 
iti\ye chemical compound has been formed, I black or magnetic oxide of iron. This he 
and the seventy-five per cent, or there- does by rai
ing the iron articles, in a suit- 
abouts, of carbonate of lead present has able chamber, to a temperature of from 
been dissolved in the chemical compound, 500 0 to 1,200 0 Fahr., and then passing 
and so a paint bas been formed which pos- steam into this chamber kee p inO' the arti- 
, 0 
sesses a covering power in excess of any clcs for five six or se\
n hours as the case 
, , , 
other compound known. Until some means may be, at that temperature, in an atmos- 
can be devh;ed by which oxide of zinc or phere of superheated steam. At a tempera- 
some other substance can be dissolved in I ture of 1,200 0 Fahr., and under an exposure 
the same way, so as to form a paint pos- I to superheated steam for six or seven bours, 
se
sing characters somewhat different from the iron iurface becomes so changed that it 
a mel'e emulsion, it is vain to expect th3.t will stand the action of water even thouO'h 
, 0 
they can equal good white-lead. it be impregnated with the acid fumes of the 
laboratory. ''''hen the process is carried on 
at a lower heat, the iron articles will resist 
any amount of moisture with which they 
may come in contact in a house or building; 
but they will not permanently resist the ac- 
tion of the weather out-of-doors. The rea- 
son of this is, that only a thin fUm of the 


(;han
e of Tint in Flowers.-The change 
of tint in flowers of Ipomoa purpurea (morn- 
ing-glory) under the influence of atmos- 
pheric moisture was the subject of a com- 
munication by Prof. D. S. Martin to the 
X ew York Âcademy of Sciences. The phe- 
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iron, on its surface, is transformed into the 
black oxide. Iron pipes protected by this 
process may be used instead of lead pipes 
for conveying water through houses. Iron 
for architectural uses may be made to resist 
the weather; the process may also be em- 
plo)"ed to protect cast-iron statues, which 
would thus be rendered as enduring as those 
of bronze. 


The lUy
tery cf Päin. 


EY PROFESSOR GRANT ALLEN. 
ON the crimwn cloth 
Of my study-desk 
A lustrous moth 
Poised, statue
que. 
Ofa waxen mould 
'Yere its light limbs shaped, 
And in scales of gold 
Its bod)" was draped; 
'YbiJe its delicate winO's 
Were netted and vei
ed 
'With 
ilv('ry strings 
Or golden-graine(l, 
Through whose filmy maze 
In tremulouR flight 
Danced quh ering rays 
Of the gladFome light. 


On the desk c]oEe b)- 
A taper burned, 
Toward which the e'-e 
Of the in
ect turn
d. 
In its vague little mind 
A faint desire 
Rose undefined 
For the beautiful fire. 
Lightly it spread 
Each f'j]ken van. 
Thpn away it sped 
For a moment's epan ; 
And a strange òeliqàt 
Lured on its course, 
'VUh reßistless mi
ht, 
Toward the centra] source 
And it foHowed the spell ' 
Through an eddyil1!! maze, 
Till it 
tagC'ered :md fell 
In the deadly blaze. 
Dazzled find stunned 
By the scalding' pain, 
One moment it swooned, 
Then rose again: 
And again the fire 
Drew it on 'with its charms 
To a living pyre 
In its Hwtul armt-l: 
And lLOW it lies 
On the table here 
Before my eyes 
All shriveled and sore. 


As I sit 
I'nd muse 
On its fiery fate, 


What themes abstruse 
Might I meditate! 
For the pangs that thrilled 
Through its delicate frame, 
As its senses were fined 
'With the scorching flame, 
A riddle inclo
e 
That, living or dead, 
In rhyme or in prose, 
Ko seer bas read. 
"But a moth," you cry, 
" Is a thing so small I " 
Ah. ye8;1::ut why 
Should it suffer at all! 
\Yhy should a Eob 
For the yaguest smart 
One moment throb 
Throngh the tiniest heart? 
'\V}ly, in the whole 
Wide universe, 
Shouìd a 
ingle 
oul 
Feel that primal curse? 
Not all the throes 
Of mightietlt mind, 
Nor the heaviest woes 
Of humankind, 
Are of deeper weight 
In the riddle of thing-s 
Than this insect's fate 
With the mangled wings 


TIu t if only r, 
In my simple Eongo, 
Could tell you the why 
Of that one Jittle wrong, 
I could tell )"OU more 
Than the deepest page 
Of 
aintlie8t lore, 
Or ofwbe
t sage: 
For never 88 yet 
In its wordy strife 
Could Philosophy get 
At the import of ]ife ; 
And Theology's saws 
Have still to explain 
The inscrutable cause 
For the being of pllin : 
So I somehow fear 
That. in "'pite uf both, 
'We are bnflled here 
By tbis one singed moth. - 


Prof. Debra on the [se of tbe Batb.- 
Prof. IIebra, of Yicnna, dissents from tbe 
generally-received opinions as to the bene- 
fits of frequent resort to the bath. His 
views on this subject, as set forth at some 
. length in the Boston Jom'nal of Chf'mistl"!I, 
are to the following effect: It is not true 
that frequent bathing is conducive to health, 
and harmless: millions of men take no 
baths of any kind, at most, only wa:;:l1Ïng 
the face and hands, and yet live to old age 
in good he;llth. It cannot be proved that 
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the use of the various kinds of baths wards Caton commenced domesticating the wild- 
off disease, or that washing in cold water turkey about ten years ago, his original 
prevents catarrh, rheumatism, etc. As long stock having been procured from tbe eggs 
as "water manipulation" is accompanied by of the wild hen; it has been twice replcn- 
an agreeable general sensation and no erup- ished in the same way. The young birds 
tion on the surface of the skin occurs, it from the wild-turkey's eggs, when brought 
may be pursued as a pastime; but when it up in close intimacy with the human fam- 
pJ'oduccs great itching or eruption on the ily, become very tame, but they are afraid of 
skin, the bathing and washing must cease. strangers, and when anything excites their 
The consequences of friction, douchefl, hot suspicion they take wing and are off like 
vapor, shampooing, etc., sooner or later a flock of quails. The young turkeys breed 
show themielves in the shape of permanent freely when a year old. Mr. Caton is now 
redness, a sensation of burning or itching, raising the eleventh generation of the do- 
and the production of nodules and furuncles, mesticated wild-turkey, and says that the 
which precede the formation of pustules and breed has not deteriorated either in size or 
abscesses. Prof. Hebra speaks as follows in reproductive powers. But thcy have 
of the employment of water in the treat- changed in form and in the length of the 
ment of skin-diseases: legs; the body is shorter and more robust, 

'Its employment is contraindicated in anG. its position is more horizontal. As re- 
aU sensitive, irritable persons whose skin is gards color "but little change was observed 
liable to prolonged redness, the production in the first or second generation; after that, 
of rashes, and itching; in all cutaneous af- the tips of the tail-feathers and tail-coverts 
fection's accompanied by acute swelling and began to lose the soft chestnut-brown of 
serous infiltration f and in all chronic der- the wild-turkey, and to become lighter; the 
matoses in which the horny layer of the changeable purple tints of neck and breast 
epidel'mis-either through the effects of assumed a greenish shade; the bristles on 
disease or of remedies-has been removed, the naked portions about the head became 
. exposing the layer beneath. Thus it is not more sparse or altogether di8-appeared; the 
proper to employ water soon after using blue about the head and the purple of the 
stimulating substances externally, as ar- wattles became bright - red; the pinkish- 
senic, iodic mercury, etc. By avoiding red of the legs became dull or changed 
water and employing starch or other inert to brown. These changes of color were 
powder, the healthy state of the surface seen in the first year of the bird's growth, 
will be much sooner restored. \Yater, on but in its second these marks of degenera- 
the contJ'ary, is indicated in those diseases tion would in most individuals, especiaUy 
where its macerating and irritating effects the cocks, disappear, and the plumage 
are useful, namely, in chronic dermatoses, would show the thorough-bred wild-turkey. 
such as psoriasis, lichen, ichthyosis, old Each succeeding generation shows these 
eczema, prurigo, etc. \Yater also exerts changes to be more pronounced, but each 
the most beneficial effects when different year as the bird grows older the shades of 
secretions-the products of inflammation, color of the wild parent become Illore dis- 
and the remains of dead tissue-have to tinct. But }Ir. Caton has hf'ns now three 
be removed, as in abundantly-suppurating or four years old with brown legs and on 
wounds, ulcers, and gangrene. It is useful I whose feathers the white has "Vcry consider- 
also in favoring the formation of new epi- ably superseded the cinnamon shade, and 
dermis in pemphigus, and after extensive he is satisfied that without a fresb infusion 
destruction of the skin bÿ burns or caustic of wild blood in the course of fifteen or 
substances." twenty years more but few individuals would 
show the distinctive marks of the wild-tur- 
Domestication of tile "Uïld-Tnrkey.-The key to any considerable extent. 
following observation"1. on the habits and The habits of the wild-turkey are not 
domestication of the wild-turkey we take so rapidly changed as the form and color- 
from a paper of similar title by .J. D. Caton, l ing, still they too change. The wild.tm key 
published in the American ..Naturalist. Mr. cock by the time he is five montbs old seeks 
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a perch well up in the largest trees in his 
range, and as he grows olùer he is disposed 
to roost hIgher and higher, till he is fre- 
quent]y found at the very apex of the tallest 
tree. This habit is scarcely impaired by 
domestication in the second and third gen- 
erations, but after that the birds grow less 
and less ambitious of high places, till at last 
they come down to about the level of the do- 
lI
estic turkey. The timidity characteris- 
tic of the wild-turk...y is eradicated very 
slowly. "
hen the wild-turkey in the forest 
voluntarily leaves her nest, she always cov- 
ers it carefully with leaves. This is done 
with les5 care by the first descendants of the 
wild hen, and each succeeding generation 
becomes more careless in this respect. 


because a comI?odity is "imported," it is 
therefore of greater intrinsic yalue than a 
domestic product. 


The Deterioration of Silk Fabrits.-The 
complaint is frequently heard that the silk 
fabrics uow manufactured are by no means 
as lasting as similar fabrics manufactured 
twenty or thirty years ago. That this com- 
plaint is justified, the U'arelwuseman and 
IJrapcT admits, and then points out the 
causes of the deterioration. Adulteration 
of silk on a large scale, and systematically, 
began about eighteen years ago, soon after 
the silk-worm disease had made its appear- 
ance in the silk-producing countries of Eu- 
rope, when raw silk rose from twenty-one 
and twenty-two shillings sterling pe.r pound 
Prof. Thurston on our Dome
tie 11letals. to as much as sixty shillings. In order to 
-The 
tatement is made by Prof. Robert keep down the price of the manufactured 
II. Thurston that this country has for }"ears goods, foreign materials were introduced, 
been importing cast-iron, while domestic and these were often in excess of the silk. 
products of equal and even greater intrinsic "It would be curious," says a writer on the 
'f'alue sell at lower pric
. Other similar I subject of" weighting" silks, " to follow one 
instances of unwisdom are cited by Prof. I pound of China or Italian silk through its 
Thurston, as, for example, the fact that we various processes in reaching a silk dress. 
are importing boiler-plate at eleven cents a The silk is sent to the dyers, and the first 
pound, when we can purchase American process is boiling off. AU silk in its natural 
steel, vastly superior in all respects for the state has a certain amount of gum in it ; this 
special purposes to which the former article must be boiled off, and, when this is done, 
is applied, at eight cents. Agaín, we im- sixteen ounces are reduced to twelve. It is 
pO!'t vast quantities of foreign steel tools, then dyed black, and the proc
ss of weight- 
when at Pittsburg and elsewhere we makE:' ing commences. The twelve ounces is sent 
steel fully its equal. In K ew England and to the manufacturer, varying from twenty- 
Pennsylvania we have ores from which is four to fifty-two ounces. I have to-day seen 
made the finest cast-iron orùnance in the Rilk dyed and weighted in Lyo
s up to fifty- 
world. In Ohio we make a metal for car- two ounces. Very large dye-work::; exist in 
wheels such as is never seen in Europe, and Lyons for the purpose of doing this busi- 
of such tenacity and elasticity that foreign ness; and it is done to perfection." 
engineers listen incredulously when î.t. is 
described. Our Lake Champlain ores make 
an iron fully equal to Swedish for conver- 
sion int
 stecJ; and around Lake Superior 
and in 
Iissouri we have deposits from which 
comes Bessemer metal far superior to tbe 
phosphorus-charged metal we import. K ew 
Jersey supplies us with zinc which meets 
with no competition as a pure metal, and 
which can be used without purification even 
for chemical purposes; and our nath"e cop- 
per is absolutely free from admixture with 
injurious elements. It is time that these 
facts should be kno"n, and that the people 
should disabuse their minds of the idea that, 


FatnJity of Ineb)'jety.-In an article on 
the" Duration, Mortality, and Progn05is of 
Inebriety," by Dr. T. D. Crothers, pubJisheù 
in the Quarterly Journal of Inebriety, we 
a.re informed that the mortality of this dis- 
ease has been estimated at from 96 to 98 
per cent., or less than four per cent of re- 
coveries. Under treatment in asylums the 
lowest estimate has ùeen placed at 33 per 
cent., and from that up to 62 per cent. 
This excessive mortality is due, according 
to Dr. Crothers, to profound degenerations, 
produced by alcohol, and the peculiar con- 
ùitions of Jow vitality, impaireù and per- 
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verted cell-action, commonly preceding this I copulate. The author next cut off the an. 
dbordel'. The inebriate is literally in a tennæ of ants, and then let! them go free 
toxic condition, in which all the organs are with their comrades; these mutilated ants 
both unduly depressed and exalted, or in a did not seem to re'cognize their fellows, nor 
state of suspended activity, bordering on did thcy follow the same path, but kept 
paralysis. The mortality of the inebriate is moving in a circle. The author, in sum. 
further increased by the f
voring conditions ming up the results of his experiments, 
which bring on inflammatory affections, as says that the sense located in the antennæ 
pneumonia, pleurisy, gastritis, diseases of is not merely that of touch, hearing, or 
the kidneys, etc. Severe bodily injuries, too, taste, nor a combination of all tbese: it 
have generally a fatal termination in in- appears to differ essentially from any of 
ebriates. The existing degenerations seem man's senses; it is a "kind of feelipg or 
to intensify the lesion and its effect, and re- smelling at a great distance." 
duce the resisting power of Nature to its 
minimum. The fatality of inebriety is in- 
crea
ing, and its complications are becom- 
ing m9re profound and general. 


lUoss-Copper.-The term" moss
copper" 
is uf;ed to designate accumulations of fila- 
mentous copper found in cavities, in pigs of 
certain kinds of regulus. This moss-cop- 
[ses of the Antennæ of Inseds.-In per appears to be formed at a comparative- 
working on the problem as to the use ly low temperature, and it has actually been 
of the antennæ of insects, Mr. L. Trou- produced at a temperature far below red- 
velot, as he states in the American Natu- ness, by 'V. }f. Hutchings, who gives in the 
raUst, procured a large number of but. Cltemical .lYell's an account of his interest- 
terflies of Limenitis disippus, and with ing experiments. lie fused a button of 
about a dozen of these tested the truth of regulus, one-quarter of a pound in weight, 
a statement to the effect that a butterfly under borax in a clay crucible, and then 
deprived of its antennæ, on being thrown up I poured the molten mass into an iron mould. 
into the air, fans heavily to the ground with- After it had cooled in tbe mould for some 
out spreading its wings. All these butter- time, so that it had been quite solidified for 
flies took flight, but there was a certain some minutcs, it was broken in two by a 
hesitation in their movements. The author blow with a hammer. It had now cooled 
next carefuHy covered with thick Indian.ink below redness, even in the centre. At the 
the eyes of several individuals; when this moment of fracture the surfaces exposed 
coatinp: was dry they were allowed to go were perfectly clean and lustrou
, but after 
free. They could fly, and, though blind, I a minute or two they became slowly co\"- 
avoided hurting themselves by dashing ered with a growth of minute copper fila- 
again
t any hard object. Both antennæ hav- ments, which increased till in some places 
ing heen cut off from a blinded butterfly, it resembled a coarse velvet. After three 
the insect when thrown up fell heavily. or four minutes one of the halves was again 
Another butterfly, blindeû and with antennæ broken in two, and again the exposed sur- 
removed, was set at liberty on a table. face was lustrous. The piece was now ju
t 
Then with a small brush a drop of sweet- cool enough to hold in the hand, yet the 
ened water was held very near the month, moss-copper slowly began to appear here 
head, spiracles, etc. The insect remained per- also, though not so abundantly as before, 
fectly still; but, when the stumps of the an- and only in patches. 
tennæ happened to be touched, it unrolled its 
proboscis and searched for the iwect liquor. 
The ne
.t insect was treated like the last, 
save that a drop of thick gum-arabic was 
allowed to dry on the stumps of the antennæ. 
The insect could not us
 its wings, and was 
insensible to the touch of su
ar-water on 
the sealed stumps. Experiments showed 
that insects deprived of their antennæ do not 


Fauna and Flora of tbe flðl'ida Krys.- 
L. F. de Pourtalès, in 'I7w l\
aturalist, signal- 
izes the Florida Keys as a curious e
ample, 
though on a ver). small scaìe, of a land of 
comparatively modern orig:in, which has re- 
cein
d its fauna and flora from two differ- 
ent and \"cry di;:tinct sourccs-the "est 
Indies and the Korth ..\.merican Continent- 
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the flora. being derived chiefly from the of embalming are known to have occurred 
former, and the fauna mostly from the lat- in the limits of the United States. As ex- 
tel'. The.marine fauna oC the coral region amples of this mode of preparing the corpse 
of Soutb Florida he pronounces a 'Vest In- may be mentioned the Mammoth Cave and 
dian colony engrafted on the more or less Salt Cave mummies of Kcntucky. These 
North American fauna of the east and west bodies have been preserved by a rude spe- 
coasts of the peninsula. Of the land ani- cies of embalmment and by exsiccation. 
malg the mammals are entirely North Amer- Aërial sepulture was of two kinds-the first 
iean. The batrachia and reptiles, too, belong, by suspension on scaffolds or in trees, the 
with a very few exceptions, to North Ameri- second by sepulture in canoes. Several 
can species. The insects are probably of I tribes still employ the former mode of burial. 
mixed origin, coming from 
 orth America, The Sioux elevate the bodiel!! of their dt'ad 
Cuba, anù the Bahamas. The land-sheHs I into trees, or stretch them out on rabed 
of the KeJ-s are the same as those of the platforms, wrapping them in blankets anù 
mainland. leaving them to the mercies of the elements 
As regards the flora of Florida and its I and carnivorous birds. 
Keys, the author says of the pine that it is 
confined to the mainland, there being only .Arc-urate Geologiral Estimates.-A good 
one small group of Keys which bears a illustration of the exactness of modern geo- 
growth of pines. Pine-forests, inùeed, are logical science is found on comparing the 
characteristic of the shores of Florida, and results actually obtained in the sinking of 
of all the Smlthern States, while the char- artesian wells in London with the conclu- 
acteristic trees of the Keys are fig-trees, sions reached by Prof. Prestwich as long 
quassia, torch-wood, mahogany, and a few ago as 1851. In a work published in that 
others, interspersed with a dense shrubbery, year," A. Geological Inquiry respecting the 
in wbich sevpral species of Eugenia arc per- 'Vater-bearing Strata of the Country around 
haps most common. London," Prestwich made the prediction 
that the chalJr beneath London would be 
found to have a thickness of 650 feet, the 
upper green-sand of 40 feet, and the gault 
of 150 feet. At the time of this announce- 
ment, as we learn from J.taturc, no well in 
London had been sunk to a' greater depth 
than 300 feet in the chalk, but now there 
are four deep borings which marvelously 
confirm Prof. Prestwich's reasonings. 'Ve 
take from our London contemporary the 
following table, showing the results as cal- 
culated by Prestwich, and as actuallyascer- 
tained by borings: 


lIow tbe Ameri..an Aborigines dis})osed 
or their Dead.-The modes of disposing of 
the bodies of the dead in use àmong the 
aborigines of America are classed by Mr. 
Edwin A. Barber, in the Naturalist, under 
four head:'!, viz.: inhumation, cremation, 
embalmment, and aërial sepulture. Of these, 
the first was most usually employed, the 
bodies being interred either in orùinary 
graves, in mounds, or in caves. Several 
tribes, among them the Lenni-Lenape, or 
Delawares, were accustomed to incase their 
dead in stone boxes or tombs. In tumulus- 
burial, the dead were generally laid near the 
original level of the surface, and the mound 
heaped 'over them. Only isolated instances 
of cave-burial have bcen signalized in the 
r niteù Rtates, as in Breckenridge County, 
Kentucky, anù in the Cañons of Utah, Arizo- 
na, and K ew Mexico. Cremation was of two 
kinds-in graves and in urns. Among the 
Pueblos of Arizona and Utah the body was 
sometimes burned, and the ashes deposited 
in shanow tombs. Several lribes on the 
Gi1a River, in Southern Arizona, burned the 
bones of the dead in urns. But few cases 


_
 . I 

 
 Borinp: 8t B' t'Boring 8t 
STRATA. 
 
 Kentish- ('rinK 8 I l\f en.x'. 
'" _ Crossness. I 
If. r:í town. I Brewtcry. 
----- ----- 
Chalk. . .. . . . . . .. . 650 645 I C46 C5
 
Ppperg-reen-sand. 40 13?!{ 12 2s 
Gault eo' , . . . . . ... l
O' 130?!{ I 148 1::;9 


"'Yhen it is remembered," adds JvT"afure, 
" that thc chalk graduates downward insen- 
sibly into the upper green-sand, and that it 
is almost impossible to decide on their line 
of separation, it will be admitted on all 
hands that tIle agreement between the es- 
timated and proyed results is marvelously 
close. " 
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:nlental Disease in jnlmals.-The pathol- of the prehistoric peoples of the region of 
ogy of mind in the lower animals, and more the Great Lakes and the l[ississippi Valley. 
especially in domestic animals, is a subject It has long been known that 'Visconsin is 
which, singularly enough, has hitherto at- particularly rich in remains of the mound- 
tracted very little attpntion, though it is builders. In 1855 Dr. J. A. Lapham, after 
one that ought to possess the highest in- whom this society is fitly named, published, 
terest to man. Dr. 'V. L
uder Lindsay, who as one of the Smithsonian contributions, a 
for a few years past has devoted himself to quarto volume describing and figuring such 
the study of mental phenomena as exhibited as had then been observed. They have been 
in the animal creation inferior to man, con- discovered in greåt numbers since, and there 
tributes to the Jow.nal of .J/ental Science ii ample room for vigorous work in explor- 
the results of his observations upon the men- ing and describing them before they disap- 
tal pathology of animals, from which it ap- pear under the denuding operations of the 
pears that in them insanity is virtual1y the plough and the harrow. They are so widely 
same as in man. He notes, however, certain I scattered and so small in size that their pres- 
peculiarities in the ('ase of the lower ani- ervation is quite out of the question after 
mals, the most important of which is the the soil begins to be cultivated. It is to be 
facility with which artificial insanity may be hoped that the society will be able to push 
produced in them, either by ill-usage or by its labor
 successfully, and that it
 action 
brain or blood poisoning; hence the whole may excite a spirit of emulation in other 
course of insanity may be very convenient- localities. 
ly studied in animals. This unworked field 
of comparative psychology presents to the 
ambitious young physician the opportunity 
not only of earning distinction, but also of 
adding to human Imowledge, and thereby 
to human as well as animal happiness and 
well-being. "Let me," writes Dr. Lauder 
Lindsay, "commend the experimental and 
sèÏentific study of the pathology of mind in 
the lower animals to those capable youths 
who at present fritter away their time, tem- 
per, and opportunities, on subjects both trite 
and trivial; who expend their ingenuity in 
improving upon Nature by drawing hard 
and fast lines of demarkation where she 
draws none; who discover in the last fash- 
ionable drug, or mode of dJ'ugging, a pana- 
('ea for all the ills of the insane; who delight 
in barren statistics that have already been 
tabulated a thousand times) wi th results of 
no practical value." 


NOTES. 


A DESTRrCTIVE tornado visited the vi- 
cinity of Elkhart, Indiana, on the afternoon 
of July 2d. It completely destroyed sev- 
eral buildings, and unroofed others, up- 
rooted whole orchards, and distributed trees 
and rubbish over acres of crops. The pro
- 
ress of the storm was from west to east; but 
the buildings a
d trees all fell toward the 
south, as if they had been taken up by the 
northern portion of the whirling column, 
and thrown into the centre, which seemed 
south of the principal tl'ack of devastation. 
No one was killed outright, but one of the 
injured has since died. .A corr
spondent 
suggests one fact connected with the work 
of this tornado, which he thinks seems to 
indicate the presence of a lar
e amount of 
electricity, if, indeed, the manifestation was 
Dot chiefly electric. All the leaves on the 
trees, all the corn,' grain, and other 
reeD 
things within the path of the hurricane, 
were scared and shriveled, as if by great 
Archæology.-The Lapham Archæologi- hea.t. 
cal Society of \Visconsin is the name of an 01'- IT has been fonnd by ltIiiller, of the 
ganization formed and located at )Iilwaukee, Berlin Chemical Society, that steam at 01'- 
\VÜconsin, for the purpose of instituting dinary pressure, when 
ent into saline sol11- 
researches into the antiquities of that State. tions, rais
s their temperature considerably 
It proposes to survey and register the dis- above its own. A solution of common salt, 
so conc('ntrated as to have its boiling-point 
covery of ancient mounù
; collect and pre- 127 0 , may be raised to 125 0 , by sendinrr 
serve the relics foupd; and to publi:;h from into it steam at 100 0 . The more concen
 
time to time such information concerning trated the solution the higher the rise. 
the results of its labors as wi)) lead to a bet- THE power of re
istance to the action of 
tel' knowledge of the origin and character I sea-water possessed by copper anù phos- 
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phor-bronze respectively is shown by the 
result of an experiment made under the 
auspices <?f the Rus8iall Government. The 
experiment lasted for six months, and at the 
end of that time it was found that the cop- 
per (which was of the b('st quality) had lost 
over three per cent. of its weight, while the 
loss of phosphor-bronze was but little over 
one per cent. 
Ix a lecture-room experiment suggested 
by M. V. Meyer for showing incrense of 
weight by combustion, a candle is attached 
to each pan of a balance, and above one a 
glass tube open at both ends is hung at 
nearly the height of the wick, In this tube 
is a piece of wire gauze holding fragments 
of caustic soda; after balancing the candles, 
one of them is lit, when the products of 
combu
tion are retained by the soda, and 
this end of the beam descends. 
THAT toads will eat bees, would seem to 
be clearly proved by the observations of M. 
Brunet. As the bees of a hive were crowd- 
ing in to escape from a rain-storm, some of 
them rested on the grass in the vicinity 
awaiting their turn to enter. M. Brunet saw 
a toad busy in devouring these bees. He 
carried the toad a!!:ain and again to a dis- 
tance of from thirty to fifty m'etres from the 
hive, but 
ooner or later the animal was at 
his post again. greedily devouring the hees. 
V{ BILE investigating the hygienic prop- 
erties of pine and eucalyptus, Charles T.. 
Kingzett found that by exposing a mechani- 
cal mixture of water anù turpentine to a 
current of air at normal summer tempera- 
ture, a solution containing hydrogen per- 
oxide-a powerful disinfecting and oxidiz- 
ing ag-ent-and camphoric acid may be 
readily obtained. This solution contains 
no oil of turpentine, is non-poisonous, and 
without harm to textile fabrics. 


IT is noted as a curious fact by Sir 
Samuel Baker that a n('gro has never been 
known to tame an elephant or any wild ani- 
mal. The elephants employed by the an- 
cient Cartha!!inillns and Romans were 
trained by A
abs or Carthaginians, never 
by negroes. A per
on might travel all over 
Africa, and never see a wild animal trained 
and petted. It had often struck Sir 
amuel 
as very distress.ing that the little children 
never had a pet animal; and, though he had 
often offered rewards for young elcph:mts, 
he had never succeeded in getting one alive. 


THE 10ng-talked-of plan of heating a city 
by steam, generated at. one or more points, 
and distributed by pipes, is at length about 
to be practically tried at Lockport, Kew 
York, where boilers and boiler.houses are 
now erected. The working of this new SYE- 
tern will be watched with interest. The in- 
ventor estimates that the saving to each 
householder will be from thirty - three to 
fifty per cent. of the present c},.pense for 
stoves, coal, etc. 
REYAIXS of an enormous dinosaur have 
been discovered in Colorado, and recf'ived 
at Yale College, which, according to Prof. 
Marsh, would indicate the length of the en- 
tire animal to have been about fifty or sixty 
feet! Portions of the sacrum and of the 
posterior limbs have been preserved; the 
last two Yertebræ are nearly complete. 
From all the indications, Prof. :Marsh con- 
cludes that it was an herbivorous reptile, 
and perfectly distinct from any species 
kno'\\n. He names it 'l'itanosaw''Us mOll- 
tanus. 


FROM a study of no le
s thnn a hun- 
dred and :-lix epidemics of typhoid fever, 
Jaccoud reaches the conclusion that the 
disease is engendered by fecal matter; but 
that this matter is not typhogenic, that is, 
does not of itself produce the tJphoid 
ymp- 
toms, unless it incloses the specific poison 
of the disease. There are, however, he ad- 
mits, circumstances under which such mat- 
ter is poisonou
, without having had any 
previous admixture of typhoid substance
. 
In such cases the poison is, he say
, elabo- 
rated in the fecal matter, which itself, as be- 
fore, is merely an agent of transmission. 


Ix 1861, 1,500,000 pounds of Indian tea 
was consumed in the British Isles; three 
years later t1H
 amount of this tea consumed 
was 2,500,000 pounds; in 1867, 6,000,000 
pounds; in 1870, 13,500,000 pounds; in 
1874, 2],000,000 pounds; in ] 875, ] 7,500)- 
000 pound
; and in 1876, 19,OOO,Oro pounds. 
It is expected that the con
umption for the 
present year will be not less than 32,000,000 
pound
, or one-fourth of all the tea con- 
sumed in the "Gnited Kinp:dom. Indian tea 
has always commanded the highest price in 
the London market. 


IN te!ttinp: the comparative explosiveness 
of nitro-glycerine, in the crysta1lized and the 
liquid state. Ucekerhinn used a drop-block 
of wrought-iron wei
hing 2.130 kilogrammes, 
AT the meeting of the American 
Iedical having at its lower end a hardened steel 
As
ociation, at CÌlicag-o, on June 5th, the point of 7.068 square millimetl'es. The 
subject of the re, ision of the American nitro-glycerine was spread in a thin layer on 
Pharmacopæia, the proposed rejection of a flat anvil of Be!l5semer steel, and the weight 
the one in use, and the substitution there- was dropped ÍI'om different height!l5. The 
for of an entirely new, more morlern and liquor exploded at a fall of 0,'78 metre, but 
complete work on that subject, was post- I the crystallized or frozen nitro-glycerine 
poncù indcfinitely. only at 2.13 mctres. 
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BATIIYBIUS AND TIlE 1.IOXERS.] 


By PROFESSOR ERNST HAECKEL. 


" B l\THYBIUS, about which so much has been said, has no exist- 
ence; the assumption of its existing rested on illusions. It 
will be the same with the rest of tbe 
Ioneres; these supposed pri- 
mordial organisms, too, will prove to be the prod net of erroneous 
observation. So has one of the luain supports of the modern devel- 
opnlent doctrine fallen, and it will yot be fOlllld that all its other sup- 
])orts rest upon illusions and on error. The ,,,,hole fa1ric of Darwin- 
ism is sirnply an air-castle, the theory of natural selection i8 a soap- 
bubble, and the doctrine -of descent is not true." 
Such is the gist of many an article puùlished during the past year 
in all sorts of periodicals. Simply and solely fronl tbe supposed non- 
existence of Bathybius it is rashly inferred that tl1t
re is no such 
tlung at all as l\Ioneres, and that the doctrine of evolution is badly 
hit. This a
sertion is of course nU1Je with most gusto by the oppo- 
nents of the development theory. The clergy is alrofHly rf'joicing 
over the utter downfall of the theory of descent. But eyen among 
the adherents of the theory of evolution, the non-existence of Bathyb- 
ius is hel<1 to be proved, and from this fact a series of conclusions is 
dra,vn w'hich sugg-ests 1110re or less \\yeighty objections against some 
of the Inain principles of Darv;inism. These circun1stances, 3S also 
the confusion of the public n1Ïnd as to the actual state of the case, 
have inJuced lUe to consider the :\10nere8 question with Rpf'cial refer- 
ence to TIathybius. It would appear to ùe specially Iny right, nay, 
even rny duty, to discuss 1ihis question, ina.snluch as it was my dubi- 
ous luck to have 
tood godfather to this "ill-famed primordial slin1c 
of the sea-depths." When, in lRü8, my 'friend Thomas IIl1xley gave 


J Translated from the German, by J. Fitzger.tld, A. M. 
\""OL. XI.-41 
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to it in baptism the llalne Bathybius IIaecl
elii, he of course could not 
have foreseen that the poor neophyte would, like another Icaru8, in no 
very short time become a biological celebrity, ascending to the heaven 
of terrestrial fame, and then before the end of its first decennium 
tUlnbling down into the gloomy IIades of mythology. Let us see, 
then, 'whether it is really dead, and ,yhether it has ever existed at all. 
And supposing we have to adtuit its merely mythological apparition- 
existence, let us see ,vhat consequences result for the 
Ioneres. 
I. IIistoryof the .1IIone1"es.-In the spring. of 18û4 I observed in 
the 3Iediterranean, at Villafranca, near :Nic
, little floatiIlg globules 
of slirne, one millin1etre or half a line in diameter, 'which interested 
me very much. Under the microscope cnch of these globules looked 
like no little star, its centre consisting of a far smaller, structurele
s 
globule, while frotn the outer surface radiated several thousand 
excéedingly fine threads. Close examination with high powers 
showed that the whole body of the star-shaped thing consisted of 
. sin1ple albuminous cell-substance-sa1"code, or protoplasm j and that 
the threads radiating on all sides from the surface were not perma- 
lJent organs, but constantly variahle, in number, size, and shape. 
They were seen to be changing and non-persistent processes of the 
central protoplasmic body, like the "false feet," or pseudopodia, 
,vhich constitute the only organs of the Rhizopods. But while in 
the Rhizopods cell-nuclei are scattered through the protopla
m, and 
hence their bodies, morphologically consider
d, are made up of one or 
of many ceBs, notlung of the kind is to be seen in the protoplasn1ic 
globules observed at Villafranca. For the rest, no difference was to 
be found between the tw'o with respect either to the mutions of the 
filaments or to the manner in '\vhich they were enlployed _as organs of 
touch for sensation, or as organs of nutrition for taking in fooò. To 
con1plete the natural history of the little protoplasm-globule, ,vhich I 
had studied with great nlinuteness, all that ,vas still needed ,vas a 
knowledge of its nlode of propagation. In this, too, I ,,'as finally 
8ucce
sful. ..After some time. the little creature broke up into two 
balves by simple division, and each of these went on living like the 
original one. Thus I had learned the .whole life-cycle of what I 11ad 
to regarc1 as one of the simplest organisms concci\rable, and I gaye it, 
in recognition of its fundan1ental significance, the name of Proto- 
genes 2J1"iJnordialis, "first - born of primeval time." An accurate 
description of it ,,"as ])ublished by nle in vo1. xv. of the Zeitscll1"iJZ 
f Ul - 'Wissenschr{ftliclte Zoolo[Jie (p. 3GO, Plate XXYI., Figs. 1 and 2). 
The very next year two disti
ct, extremely simple organisms, v
ry 
closely resern bling- Protogenes, ,vere ,described by the distinguished 
nlicroscopist Cienko,,"ski. In vol. i. of the Arr.ltiv für 'JJl'iÀ'roskopisclle 
Zuolo[Jie (p. 203, Plates XII.-XIV.) he ]Jublished very interesting 
"Contributions to the l(nowledge of .:\Ionads." Anlong the various Pro- 
tista here associated by Cienkowski uIH.l<.'r the old, anlùiguous t(,1111 
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" Monads" occur t,vo n1Ïcroscopic inhabitants of fresh water, which in 
the perfectly simple and structureless constitution of their unnucleatel1, 
radiate protoplasInic body resmuble Protogenes-the genera Protomo- 
nas (.JIonas aJnyli) and V:nnpyrella (the latter in three different spe- 
cies); they differ, ho\vever, from Protogenes in their lliode of propaga- 
tion. 'Vhereas Protogencs, after it has grown to a certain size, ùoes not 
gain any further incre-ase of mass, but directly breaks up into two frag- 
Illents, Protomonas and Vampyrella retract their rays, and pass into tLe 
ina,cti \"e st
te, and meanwhile the little protoplasmic globule becomes 
encysted, or surrounded \vitb an envelope ( cyst). "Vhile so encysted, 
Protomonas breaks up into a great number of smaller globules, and 
'T ampyrella into four fragments (tetraspores). All of these afterward 
become free, and by a simple process of growth are developed into 
the perfect form. 
In the lliean time I had P1yself observed, in fresh water at Jena, a 
fourth allied genus of extremely simple organisms, in all respects like 
the comnlon AnIæba, but distinguished from it by having no cell-nu- 
cleu
, and no contractile vesicular envelope; hence I nanied it Prota- 
n
æba p'J'hnitiva. ,,,-rhile in the first-named three slime-globules (Pro- 
togenes, Protomonas, and Vampyrella) l1U111erous filalnents radiate 
from the entire surface of the central protoplasmic body, in Prota- 
mæba, on the contrary, just as in the COlnmon Amæba, there are only 
a few short, finger-shapetl processes, .which are constantly cLanging, 
being no\v retracted, and again pushed out in SOlne other place. 
"""'hon Protalllæba has, by taking in food-which operation it performs 
after the lnanner of AUlæba-attained a certain size, it breaks up by 
division into two parts. I first published my observations of Prota- 
lnæba in the "Generel1e lHorphologie," vol. i., p. 133. Afterward 
I published figures of Prota
næba prÏ1nitiva, which are to be found 
in my "Natural History of Creation," sixth German edition, p. 167, 
and in my " Anthropogenic," third edition, p. 414. 
Backed by these observations, \vbich \yere stilI further prosecuted 
afterward by other investigators, and also by myself, I, in 1866, in the 
" Generelle l\Iorphologie," established a special cla::::s, that of lUoneres 
(i. c., si1nple), for all these organisms of most simple constitution. In 
the first volume of that work I wrote as follows: 
" In order clearly to distingllish from all other organisms made up of hetero- 
geneou
 parts these simplest and most imperfect of all organisms, wherein nei- 
ther the microscope nor chemical reagents can detect any differentiation of the 
homogeneous plasmic bÜ(1y, we give them, once for all, the name of Moneres, or 
simple organisms
 Surely, if we woula explain life; if we would deduce it 
from falsely so-caned 'dead matter;' if we would fill up the cbasm between 
organisms and tIle inorganic world-we must need
 give special attention to 
these very interesting but hitherto quite neglected organi
ms, find lay the great- 
est stress upon their exceedingly simple morphological constitution, which never- 
theless is entirely consistent with the discharge of nIl the essential functions of 
life. Inasmuch as in these homogeneous living things no trfice is to be discov- 
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ered of different morphological constituents, of 'organs;' but, on the contrary, 
as all the molecules of the structureless carbon compound of the living albumen 
of which they consist are equally capable of performing the various life-func- 
tions, it is plain that the idea of an organism can be educed only dynamically or 
physiologically from vital movement., and not statically or morphologically from 
the composition of the body out of 'organs.'" 


For some years after tbis the circle of our experie11ccs with these 
strange "organi
ms ,,
ithout organs" .was considerably ,videned. 
During n1Y voyage to the Ca11ary Islands in 1866-'67 I very naturally 
directed Iny whole attention to these organisms, and was so fortunate 
as to discover many new forms of 1\1011eres. On the white calcareous 
shells of a remarkable Cephalopod (Spirula Peroni i), fOUl1d in thou- 
sands on tbe coasts of the Canaries, I have sometim
s noticed nu- 
merous little red points, which under the magnifying-glass looked like 
ornamental stars, and, when highly nUlgnified, like orange-red proto- 
plasmic disks or globules, from the circumference of which radiated 
11lunerous tree-shaped filanlCnts, with branches. Closer observation 
sho"Ted that these (comparatively colos
nl) protoplasmic bodies, too, 
,vere unnucleated and structureless, and that they propagated after 
the san1e 1uanner as Protomonas, the globular, encysted body break- 
ing up into a great l1umber of little fragments. To this ne,v genus 
of 1\Ioneres I gave the name of Protolnyxa aurantiaca, 
Ind it is 
figured in Plate I. of the "K at ural llistory of Creation." I then, 
during the saIne year (1867), found a like magnificent l'1oneres form 
in the 111Ut1 of the harbor of Puei-to del .Lo\.rrccife, the port-to,vn of the 
island of Lanzarote, and to it gave the nan1e of .J.1Iyxastru'Jn radians. 
Its distinguishing mark is this, that the fragments or spores into 
which the globular body breaks up in the act of propagation arrange 
themselyes in lines radiating from the centre of the globule, and exude 
spindle-sbaped, siliceous enyelopes, from which the young 1\Ioncres 
after",.ard drops out. 
On the strength of all the
e oùseryations, I, in 18G8, published in 
the Jenaisclw Zeitsckl"ift far :ftT"at'Urwissenscluift an extended" )Iono- 
graph of the 1\1oneres" (vol. Iv., p. 64, Plates II. au(l II!.). In this 
monograph both my o,yn observations and those of others are set 
forth at length and discussed. At that tin1e the numl)er of IOlown 
genera of 1\Iolleres ,vas seven. By later observations it has been in- 
crea
ccl to 
ixteen, as is stated 1y nle in lny " Snpplel11(
nt to the 
lon- 
ograph of the l\lonercs" (Jenaisclw Zeitschrift fill" 
'''''aturuissenscllaft, 
1877, vol. vi., p. 23). The differencf>s l)etweel1 t11ese 
Ioneres come 
simply froni the fact that the soft, sliIny mass expands and moves in 
different forn1s, and that the fisexnal propagation (by dh-ision, spore- 
formation, etc.) takes place in different "Tay
. 
II. IIistory of Batliybius.-The great interest possessed by the 
1\10neres morphologically as ,yell as physiologically "Y3S further J1Cight- 
cned ,vhen, in 1868, the foremost zoülogist of England, the celebrated 
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Thon1as IIuxley, descrihed, in the Journal of Microscopical Science 
(vol. viii., ne,v series, p. 1, }>late IV.), a new and quite peculiar species 
of l\loneres, giving it the name of Batltybius IIaeclælii. Unlike the 
rest of the )loneres, this Bathybius had included in it certain peculiar- 
ly-fornled nlicro
copi(', calcareous corpuscles-coccospheres and cocco- 
lith::;; but its formle
s masses - of protoplasm, of vcry diftercut sizes, 
,vere said to cover in enormous quantities the profoundest aLyt;ses of 
the sea, fronl 5,000 to 25,000 feet deI>th. 'Yith this forrlllef;S prilllor- 
dial organism of the sinlplest kind, ,vhich, occurring in thousands of 
tl1illions, covers the sea-bottom ,vith a living layer of sliIne, a new 
light seemed to be thrown upon one of the 1110st difficult and. most 
obscure problems of the history of creation-namely, the question of 
the origin of life upon the earth. '-Vith Bathybius, the ill-fanled 
" Urschleiul" (prirllordial slÍluc) appeared to have ùeen found, of 
which it had been prophetically affirnled, fifty 
1ears before, by Oken, 
that from it was sprung the whole world of organisms, and that this 
" Ul'schleim" itself had 
prung from inorganic matter at the sea-bot- 
tom in the course of planetary development. 
The deep-sea ooze containing the masses of Bathybius was first 
discovered during the deep-sea soundings made in 1857 for the ,i\tlan- 
tic cable. The Atlantic Telegraph Plateau, which stretches from Ire- 
land to :Newfoundland at a mean depth of 12,000 feet, was found to 
be coveretl everyw"here with a peculiar gray, very finely-pulverized 
ooze. This ooze was remarkable for its tough, sticky nature, and under 
the microscope s110wed masses of little calcareous-shelled Rhizopods, 
particularly Globigeril1æ, and also, as one of its main constituents, 
those minute corpuscles known as coccoliths. But it was not till 
eleven years later, in 1868, that I-IuxIey, with the aid of a very power- 
ful microscope, made a new and thorough investigation of this ooze, 
calling in also the aid of chemical analysis. He discovered the naked, 
free, formless protoplasm-ma8ses, which, together with the Globi- 
gerinæ and the coccoliths, make up the great bulk of the ooze. 
" These masses are of different sizes, some being visible to the naked 
eye, others extremely minute. Subjected to microscopical analysis, 
they showed, imbedtled in a transparent, colorless, structurele
s 
Inatrix, nuclei, coccolith
, and occasionally foreig-n bodies." 
Living Bathyhius was :first observed in 1868, by Sir \\r yville Tholn- 
son and Prof. "Tillial11 Carpenter, two practised and f'agacious zoölo- 
gists, during a deep-sea exploring expedition to the North Atlantic, 
in the war-ship Porcupine. Of tbe living deep-sea ooze they ,vrite: 
"This ooze was actual1y living; it collected in lumps as though albu- 
men had been nlixed ,,"'ith it; and under the n1icroscope the sticky 
mass ,vas seen to be living sarcode" (Annal,
 and .JTa,fJazine of Nat- 
?ll'al I-listoJ'Y, 1869, yol. iv., p. 151); and Sir 'Vyville Thomson, in his 
very interesting work, "The Depths of the Sea," second edition, 1874, 
}), 410, adds: 
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"In this dredging [Globigerina-ooze taken at the depth of 2,433 fatboms in 
the bay of Biscay], as in most others in the bed of the Atlantic, there was evi- 
dence of a considerable quantity of soft gelatinous organic matter, enough to 
give a slight viscosity to the muù of the surface layer. If the lllud Le shaken 
with weak spirits of wine, fine flakes separate like coagulated mucus; and if a 
little of thtj mud in which this viscid condition is most nlarked be placed in a 
drop of sea-water under tbe microscope, ,ve can usually see, after a time, an ir- 
regular network of matter resembling white-of-egg, distinguishable by its main- 
taining its outline, and not mixing with the water. This network nwy be seen 
graduaIly altering in form, and entangled granules and foreign bodies change 
their relative positions. The gelatinous matter is therefore capable oj' a certain 
amount of'llwvement, and there can be no doubt that it manifests the phenomena 
of a very simple form of life." 
l\Iy o,,
n researches on Bath)' Lius - ooze had to do, like those of 
IIuxley, only with dead suLstance in 31c01101. The bottle in wlÜch it 
had been sent to lne from the Faroe Islands bore this label: "Dredged 
of Prof. Thomson and Dr. Carpenter ,vith the steamer Porcupine, ÎIl 
2,435 fathoms. 22. July 1869.-Latitude 47 0 38', longitude 12 0 4'." 
Thus this Batbyùius-ooze ,vas tbf\ same on which the oùservers nanled 
3ùove had nlade their investigations of the aruæboit1 movenlents. 
The results of my o,,'"n investigations I have stated fully in my 
"Beitritge zur Plastiden.:.rheorie " (II. "Rathybius and the Free Pro- 
toplasIll of the Sea-Depths," Jenaisclle Zeitscllr
ft für ,l{aturwissen- 
8cltaft, 1870, vol. v., p. 499, Plate XVII). The eighty figures I tl1ere 
give of the different formless protoplasm-masses of Bathybins, and of 
the little calcareous ùodies included in the sallle, were copied ,vith the 
utmost exactness from v
ry highlY-lllagnified images of those organ- 
isnIS taken with the aid of the canlera lucida. SOllle of the figures 
have also been used in my paper on "Life in tbe Profo.undest Del)ths 
of the Sea," which was l)ublishec1 in 1870, in the Virchow-IIolzendorff 
Collection (No. 110). 
This specimen of Bathybius-ooze, ,,-bich had been very well pre- 
sf\rved in strong alcohol, I exanlilled as ll1Ïnutely as possible, enlploy- 
ing the ne,vest methods of research, and in p
rticular the excellent 
method-not employed by IIuxley in his investigation-oí staining 
".ith carmine and iodine, my purpose being, aùove all, to determine 
more accurately the quantity and quality of the anlorphous pro- 
topla.sn1Ïc matter. This albuminous substance, which WáS reddened 
by carmine, ,vas yery evenly distributed through the ooze, and in 1110st 
of the specimens examined constituted at least one-tenth to one-fifth 
of the ,,'hole volume; in tuany instances it was as much as one-half. 
The saIne protoplasluic masses whic11, on treatment witb carmine, be- 
came of a nlore or less deep-red tint, took from iodine and pure llitric 
acid a yellow color; and with other chenlical reagents they exhibited 
precisely the sanle })roperties as the protoplasm of animal and vegetal 
cells. The fornl of nlost of the little masses was irregular, roundi
h, 
or l)roviùed with obtuse processes reselllLling those of an Amæba; 
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others took the form of irregular reticulations of sarcode, like 'those 
of the 
Iyxomycetæ. 
'Yhether the littlo calcareous frustules-coccoliths and cocco- 
splleres-,vhich occur so abundantly in llathybius-ooze, both within 
antl bct,veen the protoplasn1-masses, actually b('long to it or not, I 
was unahle to detern1Ïne, especially as I had already ob
erved the yery 
sallIe kinds of calcareous frustules in the bodies of sundry pelagic 
Rac1iolaria which live at tbe surface of the ocean off the Canaries 
(" )lyxobrachia of Lanzarote "). These strange calcareous bodies, 
occurring now in the form of a simple concentrically stratified disk, 
again resembling a shirt-button, anon assuming the shape of a sph
re 
made up of several disks, and so on"vere as likely to be secretions of the 
Bathybius sarcode as foreign bodies accidentally (or in the process of 
taking up food) introduced into the protoplasm. Of late the second 
hypothesis has come to appeal' the more probable, and biologists now 
holll tbat all the8e corpuscles are microscopic calcareous algæ-cal- 
careate unicellular plants. 
These investigations, confirmed as they hav'e been by sundry other 
observers, seemed to show that at the botton) of the Atlantic, between 
the depths of 5,000 and 25,000 feet, there exists a sort of ooze 'which, 
with its other characteristics, contains a great qúantity of a peculiar 
and as yet hardly individualized species of l\loneres. The error into 
,vhich ,ve no,v fell consisted in over-hastily generalizing the results of 
these deep-sea soundings in the North Atlantic, and supposing the 
bed of the deep sea to be everywhere covered with similar l\loneres. 
'This inference ,vas flatly negatived by later research. During the 
cruise of the Challenger, which extended over three and a half years, 
though careful search was made for Bathy bins in the depths of various 
seas, it was no,vhere found. \Ve have no ground for calling in ques- 
tion the diligence aud accuracy of the eminent naturalists attached to 
the famous Challenger Expedition; and all the less because its director, 
Sir "r yville Thomson, had been hinlself the first to observe the lllove- 
ments of the living Bathybius. Hence we must suppose that, in the 
portions of the deep-sea bottom explored by the Challenger, there 
were 110 Bathybius :ì\loneres. But does it hence follow that all previous 
observations and inferences were incorrect? 
A5 is very usual in such cases, exaggerated and one-sided views 
",'ere at once given up, and no less exaggerated ana one-sided contrary 
views adopted. Once it ,vas supposed that Bathyùius occurred in 
lnasses at the botton1. of every sea; no,v its existence any,v]1Cre 'was 
denied. The Bathybius-ooze preserved in alcohol, 'which had been tbe 
subject of prior investigations, was 1l0'V held to 1e not]ling but a 
gypsum precipitate, such as is found wherever sea-,vater is mixed ,vith 
spirits of ,vine. This hypothesis was first put forward hy certain 
naturalists of the Challenger Expedition, and therefore Prof. Huxley 
reranted-l'rcmaturely, as I believe-his earlier views concerning 
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Bathybius. In ....Y..ature (.A.ngust 19,1875), and in the Quarterly Journal 
of .Jlicroscopic Science (1875, vo1. xv., p. 392), ,he writes as fol1ows : 
H Próf. "yville Thomson informs me that the best efforts of the Challenger's 
staff have failed to discover Bathybius in a fresh state, and that it is seriously sus- 
pected that the thing to which I gave that nmne is little more than sulphate of 
lime, precipitated in a flocculent state from sea-water by the strong alcohol in 
which tlle specimens of the deep..sea soundings which I examined were pre- 
serveù. The strange thing is, that this inorganic precipitate is scarcely to be 
dÙ;tinguished from precipitated albumen, and it resembles, perhaps, even more 
closely, the proligerous pellicle on the surface of a putrescent infusion (except 
in the absence of all moving particles), coloring irregularly, but very fully, with 
carmine, running into patches with defined edges, and in every way comporting 
itself like an organic thing. Prof. 17w'inson speaks flel'y guardedly, and does not 
consider tile fate of Bathybius to be as yet absolutely decided. But since I am 
mainly responsible for the mistake, if it be one, of introducing this singular sub- 
stance into the list of living things, I think I shall err on the right side in attach- 
ing even greater weight than he does to the view which he suggests." 


These ,yords of Prof. IIuxley's awakened marked interest, and 
,vere pretty generally thought to be the death-blow of poor Bathyb- 
ius. But, in proportion as the real parents of Bathybius show a dis- 
position to abandon th
ir child as being beyond hope, the more do 
I consider it to be my duty as its godfather to defend its rights and, 
if possible, to restore its expiring vital 8})ar1\:. IIere, as luck ,yould 
have it, I find a valuable ally in the person of a traveled Gernuln nat- 
uralist, ,,'ho quite recently oh
el'ved living Bathybius off the coast 
of Greenland. The ,veIl-known north-polar explorer, Dr. Emil Bes- 
se]s, who fort
nately returned safe after the wreck of the Polaris, 
,vrites as foHows of the IIaeckelina gigantea, a giant }{hizopod, prob- 
ably identical with Ast'J.orldza, previously described by Sandahl: 
"During the lato American 
 orth-Pular Expedition, I found in Smith Sound, 
at the depth of ninety-two fathoms, great masses of free, undifferentiated, 
homogeneous protoplasm, without any trace of coccoliths. In view of its truly 
Spartan simplicity, I gave to this organism (which I was able to study in the 
living state) the name of Protobathybius. In the report of the expedition it 
will be figured and described. I would simply say in this place that these masses 
consisted of pU1'e pl"J'otoplasm, in which calcareous particles -occurred only by ac- 
cident. They appeared to be 'Very sticl.:y, mesh-like structures, with perfect amæ- 
boid movements,' they took 'lIp particles of carmine, and other foreign substances, 
and there 'leas active motion of the nuclei."--(Jenaisclte Zeítsckriftfül o 1taturwis- 
.qenschaft, vol. ix., p. 277. See also Annual Report of the Secretary of tht) 
Navy for 1873). 


In Packard's" Life-Ilistories of Animals" is to be seen a figure 
(published by Bessels) of the protoplasin-net of Protobathyhins. Fronl 
this figure I conclude that l>rotobathyhius is the same as our Batllybius. 
III. ."J Oritique of Batllybills.-Ilaving now presented to the reaJer 
the historic facts relating to Bathybius, we next adùrcss ourselves to 
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a cl o itique of this subject. ".,.. e will endeayor, by Ïlnpartial1y weighing 
the facts, to form an unprejudiced judgment on Bathybius, no,v so 
decried and so generally discredited. 
"Tith respect to dead Bathybius-deep-sea ooze brought from the 
North _'\t]antic and preserved in spirits of wine-all the observers who 
haye studied it closely agree in saying that it contains greater or 
smaller masses of coagulated protoplasln, which, in their morphologi- 
cal and chemico-physical properties; bear the closest resemblance to 
certain 1.10neres. The results obtained by IIuxley from material ex- 
amined by him-results which I lllyself have been able to confirm and 
enlarge-have been admitted as correct by all the other observers 
wÌ10 studied the same ooze. 
'Vith respect to living Batllybius} we have positiye testinlony as 
to its characteristic, Rhizopod-like Il10vements from three competent 
observers, namely, Sir 'Y yville Thomson, Prof. "Tillianl Carpenter, 
and Dr. Enlil Dessels. All three nutde their observations on deep-sea 
ooze from the North Atlantic. On the other band, the atten1pts made 
by members of the Challenger Expedition in various seas to repeat anù 
confirm these earlier observations on the movement phenomena lecl 
only to negative results. 
\Vhat fol1o,vs now from this testilnony, all of ,vhich ,ye mnst rec- 
ognize as of equal credibility, but which, nevertheless, is self-conflict- 
ing? Simply that the Rathybius-ooze has a limited geographical (lis- 
tribution, and that it was an over-hasty g
neralization to people :1,11 
deep-sea abysses w'ith that organism. But fronl the fact that tbe 
Challenger Expedition did not rediscoyer living Rathybius it surely 
does not follo,v that the obseryations made in other localities by the 
Porcupine Expedition were faulty. Or, from the fact tbat the Chal- 
lenger Exp
dition found Radiolarian ooze only in a comparatively limit- 
ed area in the Pacific and nowhere else, must we draw the conclusion 
that no such thing exists? 'Ve know that the vast majority of organ- 
ic species have a limited distribution; why, then, should not the dis- 
tribution of Bathyhius be lin1ited too? 
Henee 1 confess I cannot understand WIlY IIuxley sllOuld have so 
sUl1aenlyand 80 totally changeò his views about Ratl1ybilU
. Still less 
do I understand how, at the last meeting of the German N atura1ists' 
Association at II:unhurg (Septcnlber, lR7ß), Bathyhiu
 could e\"'er have 
been publicly interred. In the Berlin ]-làtionalzeitu'J7g I find the 
following notahle report (dated IIamhurg, Septeml>("}r 21st) of a 
paper by Prof. l\Iübius, on "l\Iarine Fauna and the Challenger Expe- 
dition: " 


" Over these plateaus [deep-sea plateaus, from 3,700 to 4.000 feet deep] we 
should look for the mysterious' primordial slime,' Bnthyhius, to wldeh the 
famous Huxley gave the name of Eathybiu8 Haeckelii as a compliment to his 
genial friend of Jena. But, unfortunntely, natural history met with a sad mis- 
hap. BathyLius, which fitteù so nicely into the modern hypotJlCses of the be- 
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ginning of things, turned out to be an artificial product of gypsum .precipi- 
tated by alcohol fronl sea-water, in which it is held in the state of l:iolution. 
Wherever fresh specimens of the ooze have been examined on shipboard, no 
traces of 'Bathybius' have be
n found. The audience were fairly startled when 
Prof. Mobius, Ly simply mixing alcohol with a glass of sea-water, caused Ba- 
thybius to appear before their eyes." 


Verily, this is a relnarkable kind of logic. Because spirits of wine 
mixed ,vith sea-water precipitat(}s gypsum, therefore Bathybius-ooze 
kept iH. spirits of ,vine is precipitated gypsum! ' Ând this demonstra. 
tion "fairly startled " tbe lllembers of a German Association of 
X aturalists! '-fhat strong spirits of wine mixed with sea-water pro. 
duces a light, flocculent gypsum precipitate is kno,vn to e
ery one 
that has preserved lllarille animals in spirits of wine. But so, too, is 
it known to every man who, like IInxley and myself, has closely ex- 
an1Ïned the llathybius-ooze collected by the Porcupine Expedition, tl)at 
the l\Ioneres-like, albun1Ïnous bodies found therein consist actually of 
albunÛnous substance and not of gypSUln. Carmine stains them red, 
nitric acid and iodine Jcllow; sulphuric acid decomposes them, and 
they give all the other reactions of pl'otoplasm, which is not the caRe 
with gypsum, as every one kno\v
. 
If \ve finely pulverize certain kinds of chalk, or chalky marl, \ve 
obtain a fine white flour
 that migbt easily be mistaken for the re- 
markable Radiolarian ooze founel by tbe Challenger Expedition in a 
limited area of the Pacific (and there only), at. a depths ranging from 
12,000 to 26,000 feet. This l
adiolarian ooze, ,vhich I am at present 
engaged in studying, consists ahnost exclusively of the nlost 'beautiful 
and varied fornls of siliceous Radiolarian shells. But ,,-ith the naked 
eye we cannot distinguish this dried ooze-a wonderful microscopic 
museum of Radiolaria-from pulverized c11alk-nlarl cOI1taining not a 
single l
adiolarian shell. I now propose that at their n1eeting in l\Iu- 
nich next September (1877) the N aturrriists' Association experilnental- 
Iy demonstrate that these enormous Radiolarian deposits, discovered 
by the Challenger Expedition at the bottom of the Pacific, have 110 
real existence. "The eXperiJl1ent is a very sin1ple one." Let t])e 
lecturer bray in a mortar, in sight of the asscnlhlcd n:lturalists, a bit 
of chalk-marl containing no I
adiolaria. The ,,,hite po\yder so ob- 
tained does not contain a single nadiolarian; tl)erefore t})C Pacific 
ooze (consisting exclusively of Radiolarians) docs not exist, since these 
t\VO substances cannot be distinguished from each other Ly the naked 
eye-quud erat dernonstrandll}]
. "T e are confident that this striking 
experiment will" fairly startle" the 1)eholders, and make an cud of 
I
adiolarian ooze. 
IV. A Critique qf tile 1JIoneres.-From the foregoing, we think 
it clearly appears that tlte non-existence of Batllybius is not jJ'J"oved. 
Nay, it is highly prol)able that the obs('rvations of "T yviIIe Thom- 
son and Carpenter and TIessels on the IllOyelllClJts of liyillg Batllybius 
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were correct. 'Ye will, however, for the nonce, suppose the contrary 
to be the fact, and \\Till grant that Bathybins is nota 1tloneres, nor even 
an orc"ani
nn. Does it follow from this that the )lonere8 too ha ,'e no 
o 
existence"f Or must we say that, as the familiar great sea-:5erpcnt of 
fable does not exist., therefore there is no such thing as a sea-::;erpent ? 
"T e kno\v that there are nIany sea-serpents belonging to the family of 
the yiviparous and .highly-vcnolllous JIydropltidæ (lIydrophis, Pla- 
tUl'llS, ÆpYSlll'ZlS, etc.), ,vhich chiefly inhabits the Indian Ocean and 
the Snnda Archipelago, but none of which attain any considerable 
SIze. 
It were useless here again to quote my own researches which have 
demÇ>Dstrated the existence of upward of a dozen different species of 

Ioneres, son1e Ii ,-ing in fresh, others in salt water. I "Tould, ho,vevcr, 
state that these observations have since been repeated and confirmed by 
a nnnlber of conlpetent investigators. Some of these 
Ioneres appear to 
be very widely distributed in fresh ,vater, as for instance the genera 
Protamæba and V ampyrella. Protan
æba a[Jil
s and Vinnpyrella spiro- 
gyræ may be observed almost any summer at Jena. P. prilniti'va and 
v: vorax have been seen by sundry observers in very diverse locali- 
ties. Other new 
Ioneres forms have been quite recently disco,'ered by 
Cienkowski and Oskar Grimln. ""'"hen the attention of n1Ïcroscopists 
has been more generally directed to these extremely simple organisms, 
we may hope that our knowledge of them will be considerably ,villencd 
and deepened. 
'Vhether Bathybius is or is not a true 
Ioncres, at all events .we 
already know with certitude a nUlnber of true ..11Ionel"'es \\?hose funda- 
mental importance is quite independent of Bathybius. ,,-r e know that 
even now there exist in the waters of our planet a l1unlber of very low 
fornls of life, which. are not only the simplest of all actually obsel'ved 
organisms, but even the siìnplest in
(([/inable of living things. Their 
whole body, in the fully-developed and reproductive condition, con- 
sists of nothing hut a little mass of structureless protoplasm, .whose 
changing, variable processes all at once discharge the various life- 
functions-moven1ent, sensation, transnlutation of matter, nutrition, 
growth, and reproduction. 
Iorphologically considered, the body of a 
l\Ioneres is as simple as an inorganic crystal. 'Ve cannot distinguish 
in it separate parts; or, rather, each part is equivalent to each other. 
These facts and their far-reaching consequences apply to all Moneres 
without exception-with or ,vithout Bathybius I-and hence it does 
not affect the theory. at all whether Bathybins exists or not. 
'YLen "Te describe these }Ioneres as "absolutely simple organisms," 
we of course only express their 'JnoJ"pltological siìnplicity, the absence 
of distinct organs. Chen1Ïco-physicalIy, they lllay be highly compos- 
ite; indeed, we nHlst in any case ascribe to them, as to all albumi- 
nous bodies, ((, highly - conzple;{" rìlolecular structure. l\lany regard 
the slime-like albuminous body of )Ioneres as a singlc chemical albu- 
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men combination, 'while otbers see in it a multitude of such combina- 
tions; others, again, regarù it as an emulsion "Or intimate hlenc1ing of 
albuminous and fatty particles. For a general biological view of the 
l\Ioneres this is of subordinate interest; for, howevt'r the case may le, 
the creature is at all events, from tlte anatomical point of view, per- 
fectly sinlple-an organisnl "Tithout organs. It proves incontro- 
vertibly that life does not depend on the coöperation of differel1t or- 
gans, but on a certain chen1Íco-pbysical couRtitutioIl of amorphous 
lllatter-on that albun1Ínous substance which ,ve call sarcode or pro- 
toplasm-a nitro-carbon compound in the senli-fluid state. 
Hence, life is not a result of organization, but vice v('rsa. Alilor- 
phous protoplasm gives rise to org:ll1Ízed {ormR. IIaving already, in 
l)revious "writings, called attention to the high importance of the 
Io- 
neres from tllis and other points of view, I can here only refer to those 
papers. At present I must content myself with pointing out the im- 
portance of the l\Ioneres in connection with the great question of the 
origin of life. The oldest organisms, sprung by spontaneous genera- 
tion (U rzcugung) from inorganiC' matter, must have been l\loneres. 
It is precisely the general inlportance of the 
Ioneres for the 
solution of the greatest of biological problenls that makes them a 
stumbling-block and a. scandal to the opponents of the doctrine of 
evolution. These men, of course, take every opportunity to dispute 
the existence of l\Ioneres, exactly as was done in the case of Eozoün 
Oanadense, the much-disputed oldest fossil of the Laurentian forma- 
tion. The most experienced and competent students of the class 
Rhizopoda-at their head Prof. Carpenter, of London, and the distin- 
guished anatomist l\Iax Schultze, of Bonn, deceased-are firmly con- 
vinced that the American Eozoön is a genuine Rhizopoù-
a Polytha- 
l:unium, near akin to Polytrenul. I haye n1yself for several years 
nlade a special study of Rhizopods. I haye n1Ìnutely examincd sey- 
eral fine preparations of EozoëJn made by Carpenter and Schultze, and 
I have not the slightest doubt that it is a genuine Polythalamium, and 
not a mineral. 
But, just because of the e
traordinary fundamental in1portance of 
Eozoön, and because the discovery of that fossil adds several millions 
of years to tIle earth's organic history, making HIe primItive Silurian 
formations to appear recent by comparison, and rendering 
 great ser- 
vice to the doctrine of evolution, therefore it is that the opponents of 
that doctrine so stoutly affirm that it is not of organic origin at aU, 
but purely Inineral. But as the high in1portance of Eozoün ,yas l)laced 
in its proPQr light by these unavailing attacks of ill-inforn1cd opponents, 
so is it, too, "Tith tbe )Ioneres-witb or without nathy bius. The true 
)loneres remain, fOrIning nn immovable foundation-stone of tbe doc- 
trine of evolution.-KoslJlos. 
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1IOLECULATI l\IAGXITUDES. 


By L. R. CURTISS. 


I N entering upon an analysis of the subject of atoluic and molecular 
- magnitudes, it is desirable that we should have as clear an idea of 
the imllleasurably snla11 in Nature as possible. To the astronomer tbe 
size and relative distances of the celestial bodies are rea] magnitudes, 
and so also, to the molecular physicist, the magnitudes verging upon 
the infinitely sn1a11 are just as lnuch of a reality. 'fhe biIlionth part 
of an inch is just as much of a fact as a billion Iniles. 
The lnathematical definition of a point consists in stating it as a 
locality "without length, breadth, or thickness; but we receive no very 
concise idea of the definition until ,ve proceed graphically, and luake 
a dot ,vith a pencil or otherwise, which shall possess lin1Ïted dimen- 
sions of length and breadth; then, by the metaphysical process of 
abstraction, we dispense with the linear dimensions of length and 
breadth, and thus purify our conceptions concerning physical magni- 
tudes, and place ourselves in a way of realizing the entity or real ex- 
istence of the invisibly small in Nature. 
In the animal kingdom are found myriads of forms so minute that 
their bulk is reckoned by less than the millionth part of a cubic inch, 
yet each one is endowed with organs of sense or assimilation sufficient 
to serve the purpose in their sphere of life. The vegetable kingdom, 
also, offers abundant specimens of microscopic forms, calculated to 
excite our adnliration by the beauty and minuteness of their organisn1s. 
Such is notably the case in several forms of .Ðiatomaceæ. The striated 
lllarkillgs of Pleurosigrna fasciola aggregate to 64,000 to the inch, 
'while Anìpldple'llra pellucida often exhibit striæ exceeding 100,000 to 
the lineal inch. And yet the skeletons of these minute orgauisnls an? 
composed n1ainly of silex, the silex again being Inade up of silicon 
and oxygpn. Notwithstanding the almost infinitesimal nlagnitudes 
of the organic world, hun1an skill is able to cOlnpet
 in the matter 
of n1Ïnuteness. Platinum wire lIas ùeen dra"wn :;0 fine as to rival 
in minuteness tbe sluallest fibre of the spider's ,yeb. Gold bas been 
d('po
ited upon the surface of other metals, and drawn to such ex- 
treme thinness that a thousand-millionth part of a grain exhibited 
the visible characteristics of the metal. The oscil1ations of the hori- 
zontal pendulum can be measured to the 8000 1 0000 part of an inch, 
by the aid of a small mirror, a bean1 of light, and a graduated 
scale for reading the vibrations, N obert, with a mechanical skill un- 
surpassed, has repeatedly ruled ,vith a diamond-point upon glass the 
nineteenth band of his te
t-plate, consisting of lines less than the 
TT:looo of an inch apart, and it is claimed that he has succeeded in 



654 THE POPULAR SCIE.LY'CE lúO..L,TTI-ILI"" 


ruling plates covering 224,000 lines per inch, snch as would aggregate 
in superficial areas to 0' er 50,000,000,000 to the square inch! Such 
minute. divisions are wholly beyond the resolving power of the most 
elaborate of modern Dlicroscopic appliances; for it has been shown l)y 
Sorby I that the ultimate power of the microscope for distinct defini- 
tion is limited to the examination of magnitudes not less tban one-half 
of tbe average wave-length of the IUlninous spectrum; and it is sho"Tn, 
upon the authority of IIelmboltz, that when the anlplitude of the ob- 
ject is less than this half wave-length-or som
,vhat in excess of 80,- 
000 to the inch-the dark interference-fringes impair the definition of 
the instrument, except in the case of striated markings, ,vhich may be 
clearly defined, or resolved, by so arranging the illumination as to 
mask the fringes, and bring out a good definition even in excess of 
100,000 to the inch. Hence, the Inain difficulty attending the possible 
amplification of objects less than about the Tõ
õOõ of an inch in <.1ialn- 
eter is a purely physical one, and depends upon the constitution of 
light itself. 
The various phenomena of chemical})hysics teach us that n1atter 
is not homogeneous, but is made up of infinitesÍ1nal particles or atoms, 
the terlll ato'Jn meaning indivisible pa'J.ticle
. and that the term rn.ole- 
cule-meaning literally .a little 'J11ass-refers to an aggregation of t,,""o 
or more atoms. Thus, a crystal of common salt may be pulverized until 
one of its fragments is barely discernible to the highest range of micro- 
scopic power, and still this fraglnent win retain all the characteriitics 
of salt. This same microscopic. portion is susceptible of a furtber 
subt1ivision by solution in ,vater, when the spectroscope .will detect 
its presence in tbe Rtill minuter quantity of the one-hundred-millionth 
part of a grain. IIere, in the case of salt, physical analysis ends, and, 
aside from chemical analysis, any further subdivision must be by the 
process of abstraction, until b)
 its means ,ve arrive at the l11ental con- 
ception of a portion so nlinute as to consist of an aton1 of sodium 
united by the l)onds of chen1Ïcal affinity to an atom of chlorine. This 
is now a n10lecule of comnlon salt. Any further division destroys the 
entity of the conlpound, and results in the decomposition of tIle salt 
into the atoms of its elements. lienee a simple molecule is the small- 
est portion of any chemical compound that is not susceptible of subdi
 
vision without destroying its entity, or, in other words, the slnallest 
number of atoms that can cohere t
 form a compound constitute the 
molecule of that compound. An atom is designateù as the ultimnte 
particle of any elementary body, and is not susceptible of any further 
division witJ)in the range of blunan analysis. 
"\Vere it possible to Inagnify the atoms of matter to a diameter 
a\yailable for distinct vision, "ye should be met at the out
f't hy a dif- 
ficulty too astounding for realization. It is a nlatter of eafo.Y }Jroof 
J II. C. Sorby, F. R. S., in his anniversary address to the Royal Microscopical 8ociety, 
in tbe Quarterly JOll1'nal of .Jlicroscopical Science for April, 1876. 
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that the nlagnifying of àny object wbile in motion v;ill exhibit that 
motion increased in velocity just as TIlany times as the diameter of the 
object is augmented. Suppose we bad at our command an instrulllent 
competent to amplify the atoms to the one-fiftieth.of an inch in diam- 
eter: in the case of the hydrogen-atom the necessary magnifying 
power would be 10,000,000 diameters, under wbich power the atol11S 
w'ould have their motions enhanced by the same nlultiple, and we 
should then be called upon to examin,e an image the fiftieth part of 
an inch in diameter plunging across the field of vision fixe hundred 
million times faster than the flight of a cannon-ball. 
It follo"'
s, since human skill is incompetent to penetrate by 
ny 
mechanical means into the internal structure of matter, that we shall 
be con1pelled to direct our labors to other modes of investigation if 
,ve would know more of the atomic structure of matter, possessing as 
it does a minuteness far surpassing the analytical power of the micro- 
scope; in fact, so hopelessly ultra-microscopic as to elude all other 
processes except that of mathematics and experimental inve
tigation. 
The question of the infinitely large and the immeasurably small 
has engaged the attention of philosophers since the days of Del11oc- 
ritus. l\lodern investigators are, however, in pos
ession of experi- 
mental data that aid them in arriving at facts with ever-increasing 
accuracy. 'Ve have the atomic theory first placed upon a substantial 
basis by Dalton, which treats of the atomic constituentR of matter, 
and gives to each atom a definite size anil weight, and establishes the 
})roposition that atoms combine to form molecules, and that lllolecules 
aggregate to masses. "... e bave also the kinetic theory of gases, 
which has been placed upon a purely mathematico-scie"ntific footing, 
as has also the department of hydro-kinetics; and experiments within 
these d<,partments are accumulating evidence concerning the atomic 
and physical structure of matter. 
Thp kinetic theories are based upon the conception that these 
particles or atoms are in constant motion among themselves; and it 
assun1CS, also, that their movements have an infinite series of veloci- 
ties in all conceivable directions, but with varying degrees of inten- 
sity. This idea of atomic and molecular motion puts us in possession 
of an important factor for detern1Ïning the causation of a11 phy
ical 
phenomena. Of course "
e do not presume to say that the atonl iH 
the primordial or ultimate constituent of matter, for tbere are n1any 

vidcnces to show that tbe present list of sixty-five e]enH:nts of mat- 
ter Inay not be ele
entary at all, but isomeric COll1pOUlllls of one or 
nlorc simpler constituents" 
The question might here l)e asked, ,. IIow does the physicist know 
anything of the relative size of aton1S and their vibratory motions?" 
The ans"'
er is: by mathen1atieal deductions, 11::1sed upon the behavior 
of gases; by cÀperimental evidence, ])rincipal1y in th
 dOlnain of ra- 
diant heat; also in the interdiffnsion of liquids and gases. I:esearches 
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in these departInents have determined, with a great d
al of cf>rtainty, 
that the atonlS and molecules of matter do not- touch each other, and 
that the various velocities they lnay assume unùer different condi- 
tions are tLe causes of all the phenomena of light and heat. And, 
moreover, it has been determined by the most refined experiInents, 
with special instrunlents of precision, that t}1ese atoms bave a definite 
size and weight, and, under special contiitions, a definite velocity and 
momentum. The pressure of gaRes has a1::;o been dl'fined as the re- 
sultant of the molecular bOlubardment or impaet of these flying pro- 
jectiles against the siùes of the containing vessel. 
Some nlolecular data have been tabulated from the calculations of 
Clausius, l\Iaxwell, Thomson, and others, but the figures given are 
wholly beyond human comprehension. Thus the nUlnber of atoms in 
one cubic inch of hydrogen-gas, at the temperature of freezing water 
and under the pressure of one atmosphere, is given in tbe neighl)or- 
bood of three hundred millions of millions of millions, each atom pos- 
sessing an initial velocity of over a n1Ïle per secol1d, covering nearly 
eighteen billions of oscillations in difièrent directions in tlle same f'ec- 
ond of time. That is to say, each particle of hydrogen, while Inoving 
at the rate of seventy miles per minute, has its course wholly changed 
something like 17,700,000,000 times in every second. Sir 'Villiam 
Thomson concludes, from the data given by Clausius, that the diam- 
eter of the gaseous nloleculc is somewhere between the nm'õõlfõ and 
the "5" 000 too 0 0 of an inch, and as the density of known liq uids and solids 
is from 500 to 16,000 times that of comlnon air, he concludes tbat the 
distance frolll centre to centre of cOlltiguous molecules in solids is 
less than the 2 GOO l Oõõõ and greater tllan the 5lT00õ
 of an incl) ; 
and he illustrates by f;upposing " a drop of 'water to be magnified up 
to the size of the earth, each molecule to be anlplified in the same pro- 
portion, these Inolecules will then 1e less in size than cricket-balI
, 
but larger than smalllead-sl10t." 
Illlagine the particles of the air we breathe flying about at the rate 
of eighteen miles })er minute-a velocity exceeding tl1at of a cannon- 
ball-a velocity which, if the particles ".ere all moving in one direc- 
tion, would constitute a tornado ten times more violent dlan any ter- 
restrial hurricane! 110\\' is it, then, that we can survive the incessant 
bombardment of such a storm of projectiles? Simply because the 
particles are moving in all directioll
, so as nearly to counterbalance 
each other's nlomentum. 'Vere it not that tbe molecules are continu- 
ally changing their direction by executing a sort of carrom upon their 
neighbors, the interdiffusion of liquids and gases ,vould be almost in- 
stantaneous. If the llloleculcs could project in straight lines" ithout 
interference with <.'aeh other, the opeiling- of a bottle of perfumery 
would permit the diffusion of its odor to the distance of many hundred 
feet sooner than ).ou could open nnd recork the bottle, or, in some 
instances, ahout one-third of a lllile in one second of time. 
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An instructive experiment Inay be nUldc: First, finely pulverize 
indigo, charcoal, or carmine, and then n1ix either of thelll with water, 
and place under the microscope, when an incessant movement of th
 
ßlllall granular particles will become apparent; aÚd the smaller the 
particles, th(\ more rapid and uniform will ùe their movements. These 
lnovements are chiefly of a vibratory kind; and it i
 'when the par- 
ticles are minutely divided, so as to approach the lilnits of microscopic 
l'ange, that this vibratory motion, together with an irregular axial 
rotation, approaches a degree of perfection that is beautiful as "'
ell as 
suggestive. This experiment is ,yell calculi4.ted to assist us in forming 
a mental conception of the magnitudes and the motions of those atoms 
and Inolecules ,vhich have for their realm the regions below and be- 
yond the ilnmeasurably small. 
As to the shape and internal structure of atoms, there is no definite 
knowledge; but Helmholtz's studies of certain equations in hydro-ki- 
netics, several years ago, gave rise to the idea that vortex-motion in 
a frictionless medÍlun ,vould exist forever-an assumption 'which is 
purely hypothetical; but since the proposition has been enlarged upon 
by Sir 'Villiam Thomson-,vho conjectures that tbe atoms nlÌght be 
filaments or rings endov{ed ,vith a vortex-lTIotion-the subject assumes 
a shape better calculated to form the basis of a scientific theory. To 
be sure, Inathematical formulas might sho\v that the behavior of a 
vortex-fìlalnent in a non-resisting mediurn ,vould ans"rer to that 
ascribed to atoms-indestructible and unalterable through all time; 
still, at the same time, the means at hand for its con1plete Inathemati- 
cal verification are not ac1equate to place the subject beyond the 
regions of theory. Prof. Tait, in 3. review of this subject in his 
" Recent Advances of the Physical 
ciences," remarks that, ",vith a. 
little further development, it Inay be said to have passed its first trial, 
::tnd, being admitted as a possibility, l11ay be left to time and the 
mathematicians to settle whether it will really account for everything 
e.xperin1entally found." 
Small as these atoms are, we are not l)ermitted to stop here, but 
ren1ember that there is a finer medium environing them all, elnhracing 
possibly a conlplexity of internal structure sufficient to baffle human 
investigation for all time. This cosmic or luminiferous etber is sup- 
posed to fill all space, intermolecular and interstc]]ar, and to be the 
mediunl in which the atoms and molecules move lik(l motes in the 
sun beam. 
Atoms and nl01
cules may vibrate to and fro, or n1ay execute vari- 
ous oscillations about each other, with a moc1
rate velocity, or perfornl 
their nlotiollS with a rapidity beyond conception; and be the intensity 
of the vibrations ever so great or ever so smaU, these same vibrations 
detern1Ïne the anlplituc1e of the ethereal waYes-tho
c waYe
 of great- 
est length giving rise to all the phenonlcna of radiant heat, ,vhile shorter 
ones constitute light in all its luminous and chromatic effects; as also 
VOL. XI.-42 
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the ethereal wayes' of still nlore rapid undulations and lesse!' length 
furnish the actinic force of light. And if the matbenlatical deductions 
of such' as J\Iaxwell and Boltzmann, together with the refined research- 
es of lunny others in this border-land of science, are not at fault, we 
would not be surprised if, at some early day, the solution of the phe- 
nOlnena of electricity should be found in sonle way connected with 
ethereal vibrations, infinitely more rapid and minute than those 'which 
produce the actinism of the ultra-violet spectrum. The Jifficulties at- 
tending the solution of this problem may be more fully comprehended 
,vhen ,ve recollect that, in dealing with vibrations more rapid than 
those bordering the visible spectrum, we are leaving regions where 
the undulations comprise nearly one thousand Inillion of lllillions in a 
second of tillle, only to be confronted ,vith others of infinitely greater 
rapidity. 
These ethereal and molecular actions a.re going on eternally about 
us. The photographer's sensitized plate may receive an image that 
maps out the constellations, or, through the prism of the spectroscope 
in lines of light, ,ve may read of the constituents of the nebulæ, and 
thus upon the wayes of ether do ,ye hold cOlllnlunion across the uni- 
verse by that ethereal chain of motion w'hich binds us to the stars! 


... 


SIl\IPLE EXPERI:ThIENTS IX OI)TICS. 


By ELIZA A. YOU
L.\.
S. 


T HE little work of ::\Iayel' and Barnard, designed 
o introduce be- 
ginners to the experimental study of optics, is so Hluch needed, 
so skillfully clone, and lllay be so helpful to teachers and students of 
all ages, that it is desirable to offer a fc\v illustrations of the method 
of experiluellt adopted, and to point out some of the cheap and :sinlple 
w'ays ,vhich Prof. !lay('r has hit npon for exemplifying and }H'oving 
optical phenolllena. 'Ve shall l11ake free use of his text as ,"yell as his 
cuts in the present article. Fig. 1, for example, repl
e
ents the ar- 
rangement adopted to prove that light n10ves in straight lines. He 
first gets three little bloeks, two or three inches square; then three 
Rlips of I)ine, three inches by four and one-eighth of an inch thick; 
and then three postal-cards, through ,vhich a small aperture is to he 
made. Tbe authors say: " Just here \ve need a to<l1 for making sn1all 
holes and ùoing other work in thcse experiments; and ,\?e })ush, with 
a pair of pliers, a camhric needle into the cnd of a \yooden pen
holder 
or other slender stick, putting the eye-end into the ,yood, and tInts 
making a needle-pointed awl." This is an excellent little contrivance, 
and we sucrcrcst to the P U I )il to make a Ret of theln ,vith different- 


 
sized needles, ,vhich he ,vill find very useful. 
 o,v, lay the l)ostal- 
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cards flat on a board, one over thc other; llleasure off a half-inch from 
one end of the top postal-card, and with the awl punch a hole tbrough 
thcln all just half-,vay from each side. rrrÏ111 the holes with a pen- 
knife, and then take one of the cards and one of the ,voodcn slips and 
put the card squarely on one of the wooden blocks, and, placing tbe 
slip over it, tack them both do,vn to the block. Place one of the 
blocks near a 1ighted hUllp, as sbown in the figure, and another at the 
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FIG. 1.-ExPEltHIEXT PIWYl1\G THAT LIGHT 
OVES IX STRAIGHT LINES. 


opposite side of the table, ,vherc the observer can sit to look through 
the aperture. 'Vhen the light is seen through both openings, dra,v the 
third card into line between the others, when the ray will be seen to 
pass through all three cards. N ext, take a piece of thread and stretch 
it against the sides of the three cards as they stand, and it will be 
seen that they are exactly in lin(l, and, as the holes in the cards are at 
the sanle distance from their eùges, it is proved that the bealu of light 
that passes through all the holes must also be straight. If the posi- 
tion of the blocks is changed, so that the directions of the holes in the 
cards are diffèrent, the same eftèct ,vill be observed, so tbat it is ùe- 
I11011strated that light Inoves in exactly straight lines in all direc- 
tions froln the source of illulnination. Of course, a pupil can learn 
fronl a book that light moves in straight lines, but this will be a mat- 
ter of hearsay 01' authority, and not of direct knowledge, ,vhile if he 
Inakes this experitnent he 'will have begun to prove things for him- 
self, and the preparation for it, and trial in different ways, will be 
a good exercise in nlanipulation. 

 o,v, if thc, student ,vishes to prove the variation in the quantity 
01' intensity of light at varying distances, he can do it in the silllple 
way shown in Fig. 2. A small slit is cut in the card near the lamp, 
through ,vhich the light passes. A sheet of ,vhite paper, resting 
against SOllIe books at the opposite side of the table, forll1s a screen, 
upon which the light fal1s. A bit of paper, an inch square, is 
held by the point of the awl, the handle of which is stuck in SOllle 
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wax on the table. Set the necdle-a,,'l, with thc bit of paper, about 
t,velve inches fronl the hllnp, and then darken, the room. Upon the 
screen, which is placed t,vo f
et fron1 the lamp, will then Ùl' seen 
the shadow of the square bit of paper. "Tith a leaù-pencil tracc an 
outline of this shadow on the screen, and then 1110YC it a foot farther 
back; and note how much the shadow is increased in size. With 
tbc pencil trace this shado,v on the screen, and then laying the paper 
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FIG. 2.-ExPERIMENl' WITH SUADOWS. 


on the table antllueasurìng the two sbadow"s, you "will see ho,,
 they 
compare in size, and get a clew to the principle of inverse squares, as 
it is called. 
Fig. 3 represents the means used in showing that the angle of th(\ 
ray as it strikes the mirror is the same as that at which ït is reflected. 
A and B are two of the postal-cards and their blocks used in the first 
experimcnt, turned ,vith their inside faces to,vard each other, and 
separated by three more blocks of the san1e diIl1ensions as those sup- 
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1;'1G. a.-A
GLE OF b;CIDE
(,E Ar\D Ht:FLECTIO
. 


porting the cards. The flan1c is place
 even ,vith the hole. On the 
middle hlork rests a piece of glass, coated on the bottom side ,,-ith 
black varnish. The eye looks through the hole B npon the glass, 
where it sees a small spot of light that is the reflection of the ray 
from the lamp through the hole A. The point of the needle is placed 
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directly over this spot, and held in position by tho wooden handle 
with a piece of wax. 
\. strip of paper, filling the distance from .Ll to 
B, and four inches ,vide, is hchl upright bct,veen the cards, with the 
bottom resting on the mirror. The edge of this is marked with a pen- 
cil at the hole .Ll, and again at the needle-point. A straight line 
joining these marks will form an angle at the bottom of the paper 
that is identical \vith the angle of incidence. By reversing the ends 
of the paper, and comparing this line with one from B to the needle, 
hoth ,vill be found alike. The angles of incidence and reflection agree. 
In regard to the reflection of light, Prof. l\Iayer remarks: 
"The clouds, the water, the grass, rocks, the ground, buildings, the 'walls 
inside, clothing and furniture, and everything we can see, reflect light in every 
direction again aLd again, and thus it is that all sp3ces, without and within, are 
filled with light so long as the sun shines. At night the sun sinks out of sight, 
and still it is light for some time after, for the sunlight is reflected from the snn- 
set-clouds and the sky. Sometimes, upon a summer's day, when broken clouds 
partly hide the sun, you will see long bars of dusky light streaming from open- 
ings in the clouds. These long bars are beams of sunlight shining upon dust 
and fine mist floating in the air, and we see them because each speck anù par- 
ticle reflects 1ight in every direction." 
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FIG.' 4.-LIGHT REI"LECTED BY FLOATI
G PARTICLES. 


Fig. 4 sho\vs the effect of particles in scattering the 1ight. A clean 
glass jar stands upon a black cloth laid on a table in a dark room, and 
over its mouth re::,ts a postal-card having a slit in it one inch long and 
one twenty-fifth of an inch ,vide. A beam of light enters tbe room 
froln one side, and is thrown downward upon the postal-card by a 
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lland-mirror. N O\V set fire to no slllaU bit of paper, and drop it into 
the jar. 'Vhen it is burned out, put the postal-card in l)Iace, and the 
vessel will be filled ,vith snloke. The beanl that is reflected down- 
,yard from the mirror enters the slit, and you see a slender ribbon of 
light extending downward through the jar, while all around it is quite 
dark and black. Fig. 4 shows the light streaming throng}} tl}e opening 
in the card, and lighting up the particles of smoke in its path. Tak
 oft' 
the card, and let tbe reflected beam fall freely into the jar: the 81110ko 
is no\v wholly illuminated, and the vessel appears to be full of light 
To make a milk-and-water lamp: 


'
Take away the jar and put a clean glass tumbler in its place. Fill this with 
water and throw the beam of reflected light down upon it, and the water win 
be lighted up so that we can easily see the tumbler in the òark. Now aòd a 
teaspoonful of milk to tbe water and stir them together. Throw the bemll of 
light down once more. This is indeed remarkable. The tumbler of milk-and- 
water shines like a lamp, and lights up the room so that we ran easily see to 
read by its strange white light. Move the mirror and turn aside the beam of 
light, and instantly the room becomes dark. Turn the -light back again, and 
once more the glass is full of light. Here the 111inute particles of milk floating 
in the water catch and reflect the light in every direction, so that the entire 
goblet seems filled with it, and the room is lighted up by the strange reflections 
that shine through the glass." 
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- }'IG. 5.-ExPERIMENT SnOWING TilE LAW OF nEFRACTIu
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By the following simple contrivance, illustrated in Fig. 5, Dr.l\Iayer 
shows the pupil how he can demonstrate the l:nv of the refraction of 
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light: 1. "T' e have a clear glass bottle, 'with a sheet of white paper, in 
,vhich a perfectly round hole has heen cut, })asted on its side; 2. Ilori- 
zontal and perpendicular lines are dra,,"n 'with ink upon the glass at 
right angles across each other, and ,vithin this circle, dividing it into 
four equal parts; 3. "rater is l)oured into the bottle until its level is 
that of the horizontal line ; 4. A postal-card containing a slit is })laced 
as at IJ in the figure; 5. The mirror, 1J, reflects the beam into the 
l)ottle so that it n1ay touch the water ,vhere the t,vo lines cross. The 
light is seen to bend as soon as it enters the water. The index of re- 
fraction for an Jiquids may be deterlnined by measuring the distance 
from ,vhere the beam enters to the perpendicular, then the distance 
from the perpendicular to where it vanishes, and dividing these into 
each other. The constancy of the quotient for each particular liquid 
can also be shown by having the beam strike the "
ater at various 
angles, making these measurements and dividing. No n1atter how" 
the distances vary from the perpendicular, ""hen divided into each 
other they give the same result for the same liquid. 
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FIG. 6.-ToTAL REFLECTION. 


1Vith a mirror on the table and our bottle arranged as in Fig. 6, 
total reflection ""ill occur, that is, all the light of the bean1 \vill be 
thrown do\vnwarc1 from the Rurface of the ,vater. 


"Sometimes, when walking along a road on a warm ùn,y, you may observe 
a curious quivering in 
he air just where the roaù seems to lneet the sky, as it 
goes over a hill. The objects near this point apperrr to be distorted and to 
tremble, or they assume fantastic shnpes. TIere .we have an instance of refrac- 
tion caused by the heated air just above the surface of the rorrù. The light 
passing through these layers of unequally-heateù air is refracted unequally, and 
the objects that reflect the light appear distorted. In some instances the refrac- 
tion may pass the critical angle, and we may see the objects apparently doubled 
by reflection. Warm, calm days by the sea show the same thing, when distant 
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,cssels appear repeated in the sky, or when distant land that is really below the 
]wrizon 'looms' up and glimmers upon the horizon in trembling headlands. 
This illusion is called the mirage, and takes place when refraction exceeds the 
critical angle and becomes reflection. 
'
Fill a clear glass tumbler with water, and put a spoon in it, or dip one 
:finger in the water, and hold it above your head, so that you can look into the 
water frOlll below. You will find that you cannot see through the water up 
into the air above. The under-surface of the water will appear to slline like- 
burnished silver, and the spoon or your finger will be reflected in it, as in a 
beautiful mirror. This illustrates total reflection, and sLows that in this case 
ulllight thrown up"ard through the water is reflected from its surface. Look 
into the tumbler from above, and it appears full of clear water. Look into it 
fronl below, and it seenlS as if an opaque sheet of silver re:.;ted on the water, and 

hut out the yiew of everything aboye." 


Fig. 7 shows a neat and sin1ple arrangement by wlJich water can 
be used for a lens to illustrate refi'action. It is merely a long pine 
box fourteen inches big}), l1lade of thin boards, with one side open, and 
a round hole in the top five inches 
in diameter. On this opening rests 
a hemispherical glass dish made by 
cutting off the round top of a glass 
shade, and which is filled ,vith clear- 
'rater. A piece of looking-glass is 
supported belo\v at an angle of 
forty-five degrees, so as to reflect a 
stream of sÚnlight upward through 
the ,vater-lens. The rays are thus 
refracted and brought to a point at 
a proper distance above. If a sheet 
of paper is helcl horizontally just 
over the bowl, it ,vill be lighte(l 
up by the rays con1Ïng through the- 
lens. Raise the paper slowly, ane1 
the circle of light on its surface 
"rill grow sn1aller and brighter, till 
it is reduced to a point, when it 
will burn a hole in thè paper. If 
a little smoke is diffused through 
th
 space, it ,viII reveal the double 
cone of light, with one base upon 
the surface of the ,vater-lens, and the other forming a large circle of 
light upon the ceiling, the rays all crossing at the focal point. With 
son1e additional attachments Prof. 
layer makes such a lens work in a 
magic lantern for projecting large pi
tures upon screens, the whole 
mechanism being estimated to cost but $3.20. : 
One of the most beautiful experin1ents in total reflection is that 
illustrated by Fig. 8. A Florence fla
k fiIIe<1 with water acts as a 
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FIG. 7.-TIIE W ATER-LEXO. 
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lens. The 1"00111 is darkened, and the light con1ing froln without is 
brought to a focus on the inside of the flask. ....\ hole has been made 
through the glass, ana as the ,vater strean1S out the light is totally 
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FIG. S.-TIlE FOUKT.AIN OF FIRE. 


reflected so as to iIlun1Ïnate the streaU1 as it falls into the pail below. 
Of this experinlent the authors say: 


" How magical! The curving stream of water is full of light, and appears 
like 3. stream of molten iron. The spot where it falls seems touched with fire. 
Put your finger in the Btream of water, and it is brightly iHuminated. Of 
course, the water soon runs down, and the display stops. To prevent this, 
bring water in a rubber tube from the water-pipes in the house, and then regu- 
late the supply so that the receiver may be kep
 full as fast as the water runs. 
out. 
" Place a piece of red glass behind the flask in the beam of sunlight, and the 
stremn of water win look like blood. Touch it, and the ]land will be crimson, 
and the scattered drops that fall in 3. shower into the tub will shine like drop
 
of red fire. Place a green or blue glass behind the flask, and the stream of 
water will turn green Ol
 blue, ana present 3. most singular appearance. Hold a 
goblet in the stream, and it win overflow with liquid light. Flasbes and sparkles 
of fire will appear in it, and foam over the sides, shining with brilliant light. 
" This beautiful experiment is as interesting as it is strtlnge and magical, anù 
it illustrates both refraction and total reflection. The flask makes a lens, anù 
the falling stremn of water is lighted up by the cone of light that enters it at the- 
hole in the flask. Both the water anù the light pass out of the hole together, 
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the light inside of the water. That this is so, may be proved by permitting the 
water to escape, when the light will be seen shining 9ut of the hole horizontally 
into the room. 'Yhy, then, does it not shine out into the room while the water 
is escaping? ""hen the stream of water is flowing out, it falls in a curve into 
the tub on the floor. The beam of light, passing out with the water, meets its 
curved surface at such an angle that it is totally reflected. This beaD1 of reflec- 
tion again meets the surface of the water, and is again totally reflected. In thi
 
manner it is reflected frOln side to side, again and again, till it reaches the tub, 
and there we see it shining bright1y. It is a prisoner in the water, and follows 
it down into the tub. 'Yhen you put your hand in the falling water, you see 
that it is lighted brightly, and yet the stream by comparison is rather dark. If 
it were pure distilled water it would hardly be visible. As it is full of floating 
specks and motes, each of these reflects light, and these cause the water to 
appear full of light. 
H This fountain of :fire is a charming experiment for a school, and its double 
lesson makes it as interesting as it is beautiful." 


Prof. 1\Iayer uses his flask-and-\yater lens, as illustrated in Fig. 9, 
to get a solar n1Ïcroscop c, and so ,vell does it succeed that it is doubt- 
ful if it can ever be excelled for combined cheapness and efficiency. 
1Vith SOllle blocks of wood, a hventy-five-cent luicroscopic glass lens, 
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FIG. 9.-THE SOLAR 1\IICROSCOPE. 
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1tnd a slide carrying a microf;copic object, he gcts very striking 
effects. Animalcules in ,vater, and all sorts of transparent n1Ïcro- 
scopic objects, can be l)l'ojccted upon a curtain by its aid, so that a 
large number of people can be entertained by observing th
 effects 
}U"oclucec1. 
Fig. 10 shows how a common iron top, such as lTIay be foun(l in 
a
1Y toy-store, may be transnnltett into a color-top. The shape of the 
handle is of no importance. By fastening disks of various colors, 
made of drawing-paper, around it, all sorts of chromatic changes may 
be studied. 'Vith red, green, and yiolet, ,vhite ,vill appear by Rpin- 
Ding the top. 'V ith one-quarter green and three-quarters red a deep 
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orange 111ay be produced. Directions are given for using the top on 
the lantern, and casting the colors on the screen, so that a great many 
l)('r
ons lllay see it at once. 
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FIG. lO.-THE COLOR-Top. 


Another method of producing these recolllpositions is illustrated 
in Fig. 11. '\Ve h:1\'c here a square piece of board for a base, an up- 
right block at the corner, two pieces of glass to ,vhich the dotted lines 
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FIG. l1.-DIRE('T I
E(,O:\IPOSITIOX OF TilE COLORS, 


rnn, and in ,vhich reflections are to l)c 
ecn at the spots "There the 
lines mcet, and three picces of papcr at A, B, and 0, painted respec- 
tively red, green, and violet. Thc image uf ./1 is supposed to go through 
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both pieces of glass to the eye, while the reflected images of Band C 
are, by adjustlnent, to Le Innde to overlap each other and the imao'e 
b 
of 
1. . 'Vhen this is accoluplished a single white object is seen. This 
cxperÍInent is conducted most succes
fully near a window., ana ,vith 
the back to'ward the light. 'Vhen the red and green images are super- 
imposed a yellow one is seen, ana w.hen the green and violet are bupcr- 
imposed we have blue. The colors originally supposed to be primary 
were red, yelIo.w, and blue. Prof: J\Iayer has here given a simple 
means of refuting this old theory. 
Prof. J\Iayer describes the construction of a cheap and simple 
hcliostat for directing the sunlight into the room, and keeping the 
hraln in the same position for all these eXl)eriments. \Ve refer the 
reader to the book for thc details of its construction, and the full-page 
,voodcuts by ,vhich it is illustrated. ..A great point has been gained 
for scicntific education by thus l)utting it in the power of any student, 
,,'ith ordinary ingenuity, a fe,v tools, and a fe,v shilIings, to Inake such 
a large l1ulnber of interesting and instructive experin1ent
. 


. . . 


ON ELEME
T.A..nY IKSTI
ITCTIOX IN PHYSIOLOG1-. 


By T. H. HUXLEY, F. R. s. 
T IlE chief ground upon which I venture to rccommend that the 
teaching of elemenÙtry physiology should fOrIn an essential part 
of any organized course 'of instruction in nlatters pertaining to domes- 
tic economy, is that a kno.wledge of eyen the elements of this subject 
supplies those conceptions of the constitution and n10de of action of 
the living body, and of the nature of health and disease
 which prepare 
the mind to receive instruction from sanitary science. 
It is, I think, eminently desirable that the hygienist and the physi- 
cian should find something in the public lnilld to which they can ap- 
peal; some little stock of universally-acknowledged truths, ,vhich lnay 
serve as a foundation for their warnings, and predis!)ose to,varc1 an 
intelligent obedience to' their l'ecommendations. 
Listening to ordinary talk about health, disease, and death, one is 
often leel to entertain a doubt whether the speakers believe that the 
course of natural causation runs as slnoothly in the hUlnan body as 
elsewhere. Indications arc too often obvious of a strong, though per- 
haps an unavowed and half-unconscious, undercurrent of opinion that 
the phenomena of life are not only wi
ely different, in their superficial 
characters and in their practical in]portance, from other natural 
events; but that they do not foHow in that definite order ,,,hich char- 
I A paper rcad at the Domestic Economy CongrcEs, heM in Birmingham, England, 
July 17-1 U, 1877. 
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actcrizes the succession of all othcr occurrences, and the statcnlent of 
,vhich "re call no law of N nture. 
Hence, I think, arises the "'ant of heartiness of beli(>f in the vnlue 
of knowledge rcspecting the laws uf health and disease, and of th
 
foresight and care to ,vhich knowledge is the essential preliminary, 
,vhich is so oftcn noticeable; and a corresponding laxity and carelebs- 
Bess in practice, the results of which are too frequently lamentable. 
It is said that, among the Inany r
ligious sects of I
ussia, there is 
one ,vhich holds that all disease is brought about by the direct and 
special interference of the Deity, and whicb, therefore, looks ,,-ith re- 
pugnance upon both preventive and curative measures, as alike blas- 
phemous interference
 ,vith the 'v ill of God. Among ourselves, the 
"Peculiar People" are, I believe, the only persons ,vho hold the ]ike 
doctrine in its integrity, and carry it out ,,
ith logical rigor. But 
nlany of us are old enough to recollect that the administration of 
chloroform in assuagement of the pangs of childbirth ,vas, at its in- 
troduction, strenuously resisted upon similar grounds. 
I am not sure that tbe feeling, of ,vhich the doctrine to ,vhich I 
}U1VC referred is the full expression, does not lie. at the bottom of the 
minds of a great many people who would yet vigorously object to 
give a verbal assent to the doctrine itself. IIowever this may be, the 
main point is that sufficient kno\vlcdge has now been acquired of vital 
phenomena to justify the assertion that the notion that there is any- 
thing exceptional about these phenomena receives not a particle of 
support from any kno\vn fact. On the contrary, there is a vast and 
an increasing lnass of evidence that birth and death, health and dis- 
ease, are as much parts of the ordinary stream of events as the dsing 
and setting of the sun, or the changes of the nloon; and that the liv- 
ing body is a mechanism the proper working of which ,ve terln h
alth; 
its disturbance, disease; its stoppage, death. The activity of this 
mechanism is dependent upon nlany and complicated conditions, S0111e 
of ,vhich arc hopelessly beyond our control, while others are readily 
accessible and are capable of being indefinitely lnodified by our own 
actions. The business of the hygienist and of the physician is to 
know the range of these lnoùifiable conditions, and bow to influence 
them to\vard the nlaintenance of health and tl1e prolongation of life; 
the business of the general public i
 to give an intelligent assent, 
and a ready obedience based upon that assent, to the rules laid do,vn 
for their guidance by such experts. But an intelligent assent is an 
assent based upon know"ledge, and the knowledge ,vhich is here in 
question lucans an acquaintance with the clements of physiology. 
It is not difficult to acquire such knowledge. "T"hat is true, to a 
certain extent, of all the physical sciences, is (\n1Ïnently characteristic 
of physiology-the difficulty of the snhject begins beyond the stage 
of elementary knowledge, and increases \vith every stagp of progress. 
'Vhile the most highly-trained and best-furnished intellect l11ay find 
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all its resources insufficient ,vhen it strives to reach the heio-hts and 
b 
penetrate into the depths of the problen1s of l)hysiology, the element- 
:lry and fundamental truths can be made clear to a child. 
Noone can have any difficulty in conlprebending the mechanism 
of circulation or n
spiration, or th(' general lnode of operation of the 
organ of vision; though the unraveling of all the minutiæ of these 
})rocesses may, for the present, baffle the conjoined attacks of the 
lnost accomplished })hysicists, chenlists, and luathelnaticians. To 
kno,v the anatomy of the hun13n body, with qven an approximation 
to thoroughness, is the ,,"ork of a liïe, but as Inuch as is needed for 
a sound cOlnprehension of elementary physiological truths 1113Y be 
learned in a week. 
A know ledge of the elenlent8 of physiology is not only easy of ac- 
quirement, but it may be Inat1e a real and l)ractical acquaintance ,vith 
the facts, as far as it goes. The subject of study i
 always at hand in 
one's self. The principal constituents of the skeleton, and the change::; 
of form of contracting muscles, lllay bo felt through one's O'Wll skin. 
The beating of one's heart, and its connection ,vith the pulse, may be 
noted; the influence of tbe valves of one's o,vn veins 1nay be shown; 
the movements of respiration may be observed; ,vhile the wonderful 
phenomena of sensation afford an endless field for curious and inter- 
esting self-study. The prick of a. needle will yield, in a drop of one's 
own blood, material for microscopic observation of l)benomena ,vhich 
lie at the foundation of. all biological conceptions; and a cold, with 
its concon1Ítant coughing and sneezing, may prove the sw'eet uses of 
adver.sity by helping one to a clear conception of ,vhat is meant by 
" reflex action." 
Of course, there is a limit to tl1Ìs physiological self-examination. 
But there is so close a solidarity bet,veen ourselves and our poor rela- 
tions of the animal ,vorld, that our inaccessible ilnvard parts may 1e 
supplemented by theirs. A comparative anatolnist knows that a 
sheep's heart and lungs, or eye, must not be confounded with those 
of a l11an; but so far as the comprehension of the el(,Juentary facts of 
the physiology of circulation and of respiration and of vision goes, 
the one furnishes the needful anatomical data as w
Il as the other. 
Thus, it is quite possible to give instruction in elementary l)hysiol
 
ogy in such a manner as not only to confer knowledge, ,vhich, for the 
reason I have n1cntioned, is useful in itself; but to serve the purposes 
of a training in accurate observation, and in the methods of reasoning 
of physical science. But tbat is an adyantage which I mention only 
incidentally, as the present conference docs not deal ,vith education in 
the ordinary sense of the word. . 
It ,viII not be suspected that I wish to make physiologists of all 
the ,vorld. It would be as reasonable to accuse an advocate of thp 
"three R's" of a desire to mal
e an orator, an author, and a n1atheJna- 
tician, of everybody. _\ stumbling reader, a pot-hook ,vriter, and an 
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arithmetician ,vho has not got beyond the rule of three, is not a per. 
son of brilliant acquirements; but the difference Let,veen such a meIll- 
bel' of society and one \vho cannot either read, \\prite, or cipher, is 
ahuost inexpressible; and no one no\vadays doubts the value of in- 
struction, even if it goes no further. 
The saying that a little knowledge is a dangerous thing is, to nlY 
n1Ïnd, a very dangerous adage. If knowledge is real and genuinc, I 
ao not believe that it is other than a very valuable possession, hO"T- 
ever infinitesimal its quantity ma.y be. Indeed, if a little knowledge 
is dangerous, ,vhere is the nlan who has so much as to be out of dan- 
ger? 
If 'Villiam Harvey's life-long labors bad revealed to hhn a tenth 
part of \vhat nlay be made sound and real knowledge to our boys and 
girls, he would not only have been ,vhat he was, the greatest phy:-;i- 
ologist of his age, but he \vould have loomed upon tbe seventeenth 
century as a sort of intellectual portent. Our little kno\vledge would 
have been to him a great, astounding, unlooke
-for vision of scientific 
truth. 
I really see no harm ,vhich can come of giving our children a little 
knowledge of physiology. But then, as I have said, the instruction 
nlust be real, based upon observation, eked out by good explanatory 
diagralns and models, and conveyecl by a teacher \vhose knowledge 
has been acquired l)y study of the facts, and not the mere catechismal 
parrot-"work ,vhich too often usurps the place of elmnentary teaching. 
It is, I hope, unnecessary for me to give a forulal contradiction to 
the silly fiction, ,vhich is assiduously circulated by fanatics who not 
only ought to kno,v, but do kno,,", that their assertions are untrue,. 
that I have ad\'ocated the introduction of that experimental discipline 
,vhich is absolutely indispensable to the professed physiologist, into 
eleillentary teaching. 
But \vhile I should object to any experimentation ,vhich can justly 
be' called painful, for the purpose of elelllentary instruction) and ,,,hile', 
as a IllClnber of a late Royal COlnn1Ïssion, I gla<.lly did my best to 
prevent the intliction of needless pain for any l)tll'pOSe, I think it is lny 
duty to take this opportunity of expressing my regret -at a conclition 
of the la\v \vhich perluits a boy to troll for pike, or set lines, with live- 
frog bait, for idle amnsenlent, and, at tbe same time, lays the teacJler 
of that boy open to the penalty of fine and inlprisonment if he uses 
the sanle aninlal for the pnrpose of exhibiting one of the most beauti- 
ful and instructive of physiological spectacles, the circulation in the 
,vcb of the foot. No one could undertake to affirm that a frog is not 
inconvenienced by being ,vrapped up in a wet rag, and having his 
toes tied out; and it cannot be denied that inconvenience is a sort of 
pain. But you must not inflict the lca
t pain 011 a vertebrated aninlaJ 
for scientific purposes (though you may do a good deal in that '"nty 
for gain or for 
pOl't) ,vithout due license of the Secretary of State for 
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the IIome Departnlent, granted under the authority of the vivisection 
act. 
So it comes about that, in this l)rescnt year of grace 1877, two 
l)ersons n1ay be charged "with cruelty to aninlals. One has iml)aled 
a frog, and suffered the creature to writhe about in that condition for 
hours; the other has l)ained the animal no n10re than one of us ,vould 
be pained by tying strings round his fingers, and keeping hÏIn in the 
position of an hydropathic patient. The first offender says, " I did it 
because I find fishing very amusing," and thc magistrate bids him de- 
IHtrt in peace; nay, probably wishes hin1 good sport. The second 
l)leads, "I ,vallted to impress a scientific truth, "rith a distinctness at- 
tainable in no other ","ay, on the minds of my scholars," and the magis- 
trate fines him five pounds. 
I cannot but think that this is an anolnalous and not ,vholly credit- 
:t1Jle state of things.-Nature. 


... 


COSMIC AND ORGANIC EVOLITTION. 


By LESTER F. ,V ARD) A. 
t. 


r T 1IE evolution of a world is not obviously identical ,vith the eyolu- 
tion of an organism. From one point of view they Ibay be re- 
garded as, to a certain extent, opposite l)rocesses. Fully understood, 
they are different manifestations of one process, affected by very dif- 
ferent circumstances. Regarding each as an aggregate ,vhich must 
cq nally run its course, the special histories of the two are quite Ul1- 
Eke. ':rhe history of every aggregate consists of tw'o parts, a l'ise nnd 
a decline. It has its period of grOW"tll and its period of decadence. 
The first consists in a gradual })rogress from a diffused toward a con- 
centrated state; the second is the return from the concentrated to 
t he diffused state. The process involved in the first period is the 
integration of the 111atter of the aggregate, and the dissipation of its 
motion. In the second period this process is rever
ed: its mattcr is 
aisintegrated, and motion is evolved. The first of these "processes is 
termed evolution; the second, dissolution. In theory this is identical 
in all aggregates, and therefore the li
e-history <:>f a plant is the same 
as that of a star. 
But, while we may trace and understand tIle process in the fornler 
of these aggregates, and may declare such to be its la,v as the result 
of 1110re or less accurate experimental proof, this is not the case ,vith 
the latter. We see the varied forms of life spring into being and 
vanish out of being. 'Ve may ,vatch them during their cntire his- 
tory, frolll the moment when they emerge from the iInperceptiblc to 
that in ,vhich they are again lost in the imperceptible. '\Ve ('an où- 
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serve all the processes of concentration, of difft:}rentiation of rarts, and 
of integration of the \vhole, as well as those of equilibration, of decom- 
position, and final dissolution. Not so with the planet. 'Vhatever 
theory lliay suggest or require, \ve are forced to confess a profound 
ignorance of the final dez:;tiny of 'worlds. So far as we are aùle to 
obseryc, the universal tendency of all matter is froln the indefinite 
and homogeneous to the definite and heterogeneous; from a state of 
unstable to one of stable equilihrium. But this is only the morning 
of the life of any aggregate. 'Ve have no reason to suppose that, in 
all the myriad worlds of visible space, a single star presents to our 
gaze a condition representing the evening of its life. In the light of 
all oUr knowledge of the heavenly bodies and of the neùu]æ, we study 
\vith absorbing interest the history of our own planet. From the 
confused gaseous condition in "which it is supposed to have originally 
been, its nlotion has been gradually dissipated and its matter inte- 
grated, until only a cOlnparatively thin enyclope of gas-the atmos- 
pherc-remains. The rest has all assumed either the liquid or the 
solid fornI, the latter of \vhich presents the Ilcårest approach to con1- 
plete stable equilibrilllll. And it can scarcely be douhted that this 
process still continues, and \vill continue, until ultimately this omni- 
})resent erentacausis shall also reduce the waters and the at1l10sphere 
to the condition of stability and solidification-a state of planetary 
existence whi.ch Inany suppose our satellite to have already reached. 
And Iuay not this saU1e law be called in to explain the hetero- 
geneity of elenlentary nlatter, as known to chell1Ìstry? If all 111atter 
is primordially identical, as so many philosophers have dreamed, is it 
not philosophical to assume that our sixty-five known elements repre- 
sent so many states of heterogeneity, so 111any distinct kinds of pri- 
mary aggregates, which the matter of our globe and other worlds has 
taken on in its course from complete homogeneous instability to\vard 
its ultimate condition of stable equilibrium, as represented in what 
"
e know as solids? 
However this may be, it is at least true that, so far as regards 
purely cosmical processes, the ascending series is the only on
 observ- 
able by us. For the" dead star," be it understood, represents, in the 
grand cycle of the redistribution of Inatter aHd 111otioll, the 'Jneridian 
of its life, and not its close.. Complete equilibration is the last act in 
the dranul of evolution, and must be attained before the forces of dis- 
solution commence their work. But ,,
e look in vain for any signs of 
the Jissolution of the" universe. 'Vhatever theory 11lay require, the 
fact ever relnains th:1t the process which \ye see going on in our por- 
tion of space is the process of evolution only. 'Ve see only the inte- 
gration of matter and the dissipation of ll10tion. \V c see only the 
tendency to\vard the condition of stable equilibriulll. We see only 
the ahsorption of thp gaseous and the establishment of the solid form 
of matter. All the theories l)y which it has been sought to cOll1pen- 
VOl,. XI.-43 
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sate for the radiations of luminous bodies have proved nlere specu- 
lations. We know tbat the sun is radiating its beat into space; ,ve 
do not know that space is returning this dissipated motion, either to 
the sun or to any other centre. 'Ve see planet
 and stars in various 
stages of their progress toward the stable state; ,ve have no reason 
to believe that any are in the condition of transition from the stable 
to the unstable state. 
The n100n is supposed to have already passed through mo
t, if not 
all, of its stages fl'on1 the gaseous to the solid condit ion. Its atmos- 
phere has been absorbed, its waters have retreated into its interior or 
perhaps been converted into solids, and all its visible activities have ap- 
parently ceased. If there still exist volcanic activities upon it, as cer- 
tain observations seem to prove, they are probably the only ones, and 
are themselves declining. Doubtless there are other bodies In our 
solar system whose equilibration is even more complete than that of 
the moon-as, perhaps, some asteroids, or the satellites cf tl1e outer 
planets. They have run their long cosmical course, and have arrived 
at last at the final state of complete, stable equilibrium. This state 
is the goal of the ,vhole process of evolution. It must, therefore, be 
regarded, when viewed from this standpoint, as the state of greatest 
perfection in the life of every aggregate. 
lany of the heavenly 
bodies have certainly advanced far to,vard this condition, and all are 
undoubtedly approaching it. But ,vhere is the evidence that any have 
commenced to reverse this process? \V11at star is suspected of being 
in a state of disintegration? 'Vhere in all 'the universe do we see 

olids turning into liquids, and liquids into gases? 'Yhere and how 
are the radiations emitted by concentrating bodies being harvested 
again, and applied to tl)(' disintegration of completely integrated l11at- 
ter? In a ,,"ord, amid all these manifest proofs of evolution, what 
proof exists of dissolution regarded as a cosn1Ïcal })rocess? "'T e are 
bound to confess that there is none. We are justified in its assump- 
tion on a priori grounds alone, if at all. The law of the conservation 
of energy, now so well established in all tl1e departn1ents of physics, 
must be theoretically extended to the mechanics of space. This law 
is only another expression for the indestructibility of motion. If no 
motion can be destroyed, the same quantity must always exist in the 
universe. And as motion is necessarily nothing more than tl1e local 
change of material atoms, all the s?lar ana astral radiations Inust 
continue for all time to affect the sanle qnantity of matter to the SHIne 
extent, Rencf' these radiations cannot be wholJy lost. Still, all this 
nlay be true, without affecting the que
tioll of the dissolution of 'worl(ls. 
The minute fraction of the sun's heat whieh is intercepted and a1.- 
sorbed by the different hodies of the'solar sYRten1 is utterly in
uffi- 
cient to ever effect their disintegration; and it is continua11y dinlin- 
ishing as the sun itself approaches the term of its existence: ('f fmoti- 
ori, -no such results can evcr 1c produ{'ed by any of the more reIllote 
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radiating bodies. All this Inotion is projected into space, and the 
history of its future work is wholly beyond our cOluprehension. It 
n1ay continne to affect the ethereal atoms pervading space for all 
eternity, \vithout exerting an appreciaLle influence upon concentrated 
matter. Even our right to project the law of consprvation into the 
realms of space, where we daily see motion dissipated but never re- 
composed, has been ealled ill que
tion. Ilave "'
e the right to assert 
that this motion, lost to our system, is not lost to the uni,"erse? True 
Science ,yell knows ho,v here to suspend its judgment, but it also 
knows no,v to restrain the hopeless cry of igJlorabÙnl.ls. 
l\Ir. Herbert Spencer is therefore right in making evolution the 
fundanlental principle of philosophy, and regarding dissolution, which 
is its exact opposite and correlate, as practically of very inferior im- 
portance. For, so far as the earth itself and the heavenly bodies are 
concerned, the very existence of such a process is in doubt. So far as 
our knowledge of the universe, as such, extends, but one law is any- 
.where observable, and that is the law of evolution. Indeed, evolution 
is but the process of \vhich the principle is gravitation. Evolution is 
the concentration and integration of matter; its tendency is toward 
the condition of stable equilibrium. The contraction of a body is due 
to the attraction of its molecules. Gravitation alone can explain this 
tendency, and gravitation necessarily requires it. Evolution is there- 
fore coextensive \vith gravitation. "Therever gravitation pre\
ails, 
evolution must prevail. On the contrary, a condition of dissolution 
\vould require the prevalence of a force the reverse of gra ,'itation-a 
repulsive and expansive force. Our acquaintance with the visible 
universe reveals no region of space where \ve can assunle the preva- 
lence of such a force. On the contrary, many fixed stars, and even 
nebulæ, afford the strongest evidence of being under the dominion of 
an attractive force. Not, however, but that there exists in the uni- 
verse ahunc13nt evidence of the possibility and reality of a repulsive 
or dissolving force. This is found, nnd with the greatest certainty, 
within the scope of our daily observation of the facts about us. ...\lld 
in at least one instance it is assu111ed, with a high degree of proof, to 
nUlnifest itself in r
gions beyond the lilnit.s of terrestrial influence. I 
refer to the behavior of the tails of coniets at perihelion. But wher- 
eyer ,ve see this force of repulsion, which alone could effect the disso- 
lution of the aggregate
 already formed, it is wholly subordinate to 
the force ()f attraction which has formed them. Phenomena of this 
nature are but episodes in the history of a system or of a world. 
Every\vhere the opposite phenonlena predominate. E\yerywhere the 
force of gravity is e'
olving new aggregates, and bearing old ones on 
to their final state of complete equilihration. . 
Let us now turn to the 
econa branch of our subject, and glance 
for a moment at the phenomena nnd laws of organic evolution. The 
first fact that presents its'elf is, that its prilnary condition is the illflu- 
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ence of the sun. IIowever it may have been at one period of -the his- 
tory of the earth, when its internal temperature nlay have been of a 
nature to favor the development of organic life .without the sun's aid, 
hy th
 earth becoming itself a sort of sun, it may at least be now 
affirmed that the solar radiations are the sole condition of vital exist- 
ence on the globe. This fact is so apparent that cycn savages have 
generally recognized it, and science bas scarcely been able to qnalify 
the popular conception. By the aid of the fiun's beat and light the 
various forms of vegetable and animal life have ùeen evolved. By the 
same influence, year by )Tear, the buds, and flo\vers, and leaves, unfold 
to the elelnents, and renew their conditions of growth and reproduc- 
tion. By Ineans of it the waters of tbe globe are in part converted 
into vapor and gas, in which state alone they are adapted to the sup- 
ply of organic beings. By its influence the various organic hodies on 
the surface of the earth are finally disintegrated, and the Inaterials for 
ne,v forms and new beings are dissipated into the gaseous form, for 
recomposition and reutilization. By the same influence the ,,"'aters of 
the globe are prevented from solidifying, and made the abode of mill- 
ions of organic beings. In a word, it is tll(;
 influence of the sun which 
alone renders our planet a habitable globe. 
But what is the nature of this great and wonderful influence as 
expressed in the terms of the redistribution of matter? IIo\vever 
paradoxical it may seeln, it is nevertheless true that the great life- 
creating and life-sustaining force of the sun is cosmologically a disin- 
tegrating force, a force of dissolution. Indeed, the solar and sidereål 
radiations are the only examples ,yhich the ,vhole universe presents to 
us of such a force. It seems strange enough to be compelled to as- 
cribe all the phenomena ,,'hich have been embodied in the term or- 
ganic evolution to the action of a. force ,vhich is the precise opposite 
of evolution, and which ultimately accomplishes the dissolution of 
every such aggregate. Yet it is only because tbe sun is in a. state in 
which its matter is being integrated, and its motion raàiatec1 into 
space, tbat our earth is capable of producing the forlns of organic life. 
It is only because a portion of this motion, ejected from the sun, is in- 
tercepted and absorbed by the earth, by which a portion of its o,vn 
matter is disintegrated, and its own conrse of evolution is in so far 
arrested that the presence of the beings peo})ling it has been made 
possible. It is only through cosmic
l di::;solution that organic evolu- 
tion can go on. 
Is life, then, a process of dissolution? Is organic evolution a mis- 
nomer? Are tbe unfolding of the bud, the brancbing of tbe tree, the 
hatching of the egg, the differentiation. of the animal-are these but so 
many steps which concentrated matter is taking to,vard its final disin- 
tegration? Is development the antithesis of evolution? To all these 
questions a negative answer may, I tJ1ink, he given. But we have 
gone far enough to !>ercei ve that some broad distinction exists bet ween 
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cosmic and organic evolution. Let us examine this distinction more 
closely. We know that an organism develops, much like a world, out 
of au hOluogeneous and diffused state of its clements. Throughout its 
course the organic aggregate behaves like other aggregates. From 
the ilnperceptible it becomes perceptible. From the diffuse it become
 
cOIJcentratcd. From the indefinite it becomes definite. From the 
honlogeneons it becomes heterogeneous. From the unstable it ap- 
proaches the stable condition. Segregation, which is the selective 
})fOCeSS, is more marked in the organic than in the inorganic aggre- 
gate. Its parts are differentiated and rendered distinct and definite, 
,vhile through an increasing dependence between them the whole 
aggregate becomes more and more firmly integrated or consolidated. 
Growth, which is increase of bulk, is siml'ly the absorption of diffuse 
gaseous or liquid materials, which may theoretically be regarded as 
having originally belonged to the aggregate in its most widely dif- 
fused condition. Development, ,vhich is increase of structure, is the 
sallIe process ,vhich all aggregates undergo ip their transition from 
the homogeneous and indefinite toward the heterogeneous and definite, 
under the laws of segregation and the multiplication of effects. Final- 
ly, equilibration in organic aggregates is distinct and universal. 
Every ol.ganisnl nlust reach this stage, and that in a comparatively 
brief period-so brief as to be capable of repeated and easy ol)serva- 
tion. So plain does this stage of its progress become that it is feared 
that the predication of a stage of equilibration, not to say di:ssolution, 
for inorganic aggregates, is an argument from analogy, where the 
analogy is taken from a very subordinate class of phenomena, viz., 
fronl the observed equili1)ration of organic aggregates. A universal 
conclusion is deduced from a particular case; the law of the whole is 
assumed from that of a part. This, according to ]\11'. Spencer's own 
sho,ving in his" Principles of Psychology," is the weakest form of 
reasoning. It should be admitted, however, that while the doctrine 
of the ultimate disintegration and dissolution of the celestial bodies 
re
ts on very insufficient inductive evidence, there arc strong a priori 
grounds, beyond the domain of science, but dearly ,vithin the range 
of philosophy, which make it a legitimate object for the exercise of 
the" constructive imagination." 
The IllOst important truth which can be called in to aid us in this 
difficulty and apparent confusion of phenotnena is that of the per- 
petual cOlnpetitive operation of both the forces of evolution and of dis- 
solution. Both these influences are at all times and in all kinds of 
aggr
gates sitnultaneou::::ly at work. The history of every aggregate 
is that of its struggle with these opposite contendin
 influences. The 
final equilibration implies this. It is the establishment of equilibrium 
between just these forces. In the ev
lution of a star the forces of 
dissolution are mostly within the aggregate. In that of a star-system 
they seem to be \vholly so. The process of evolution goes on against 
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the inherent tendencies to dissolution. The equilibrium reacl}ed is 
between the attractive or integrating and the repulsive or disinte- 
grating forces. Both are at all times active, and, if the lattcr at last 
prcyail and the mode of redistribution is rever::,cd, the gravitativc in- 
fluence still continues to oppose its progress. In an organisnl the dis- 
integrating tendencies are chiefly from .without. E,.eryw)j(
re on the 
globe the sun's influence is tending to prevent the integration of the 
liquid and gaseous elements. Life is the product of this struggle. 
It may be laid down, as a universal law of the redistribution of 
matter, that organization is the product of the antagonistic tendencies 
of attraction and repubion during tbe period in which the formcr pre- 
vails. Organization is, then, the great distinguishing characteristic of 
the process of evolution. The organization of the solar systenl is the 
result of this competitive struggle between these t\\TO agencies. It is 
the sanle with an organisnl. 'Ye have, then, at last reached a plane of 
generalization in which tbe cosn1Ìcal and the organic processes may 
be regarded as parallel and hOInologous throughout. The active prin- 
ciple which directly resnlts in organization is that which 1\11'. Spencer 
denominates segregation, by which the like parts are brought together 
and unlike parts separated. 
The tinal result of this process is the formation of many distinct 
and definite parts ,vhich are unlike one another-heterogeneous. 
Each of these definite parts, differing from all the rest in the same 
aggregate, is, within itself, honlogeneous, i. e., consists of a unifornl 
internal structurQ. The like particles, in consequence of the similarity 
of their properties, naturally gravitate to the same place. In the C:lEe 
of the earth the atmosphere or gaseous portion forms a uniform en- 
velope around it, due clearly to the nature and homogeneity of its 
molecular constitution. The waters, for the same reason, fornl a par- 
tial second envelope within this. The hardened crust of solid matter 
comes next, and in like manner the entire organization of the earth 
might be explained. Exactly the same process takes place in a living 
organisln. Its various organs, vessels, specialized tissues, and diftèr- 
entiated parts, are the result of this same law of mechanical selection. 
The difference in the properties of the matter of each is at once the 
cause of their segregation and of their organic function. 
The point at which we have arrived, therefore, is this: Organiza- 
tion is the necesAary consequence of the competition of thé integrat- 
ing and disintegrating forces, so long as the former prevail. The 
influence of the su
 upon the matter of the globe is to,vard its disin- 
tegration anò. dissipation into gas. But for the opposing influence of 
gravitation, attraction, or concentratio
, this result would be speellily 
accomplished. But the resultant of thf'se two antagonistic forces, at 
a time ,v}len their relative power is substantially ,vhat it now is on 
the surface of our globe, is such as to render possihle the form of evo- 
lution which we denominate organic life. A certain nmount of the 
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matter of the globe is in the gaseous form. The gases themselves are 
differentiated into what we call oxygen, nitrogen; carbonic acid, and 
aqueous vapor, each of which exerts its special illfluen('e in the econ- 
OlllY of vital existence, and without anyone forul of which, so far as 
we can see, life ,vould be impossible. Another portion of the lllatter 
composing the earth exists in the liquid state, the chief form of which 
IS ,vater, of ,vhich lllore than half the ,veight of all organized beings 
consists. Evidently without water nothing auswering to our concc})- 
tion of life could exist. Of tbe solid matter of the globe there exists 
the greatest heterogeneity, and it may be classified in a variety of 
different ,vays. l\Iany, though probably by no mean
 all, of the so- 
called distinct substances kno,vll to us are of direct value in the for- 
mation of organic tissues, and certain of them are clearly indispen- 
sable, so far as we understand their office; as, for example, lime, phos- 
phorus, iron, etc., etc. Certain of these substances 2lre crystalline, 
others colloid in their structure, the latter of which posßess peculiar 
adaptations to the forillation of organic tissue. Finally, bet,veen the 
solid and the liquid state there exist all grades of transition, thus 
adding variety to the organic adaptations. 
As the universal law of concentration or Integration proceeds to 
reduce all these varied forms to one, and to cement all in a single 110- 
lllogeneous solid, it is met by the powerful but sOlne,vhat irregular 
and erratic force of the solar radiations, reënforcing the inherent cos- 
mical influences already so far overcome in the evolution of the planet 
as to have brought it to its given state. "fl1e result of this conflict of 
fOI'ces is the condition in which we find our globe. 'Vithont the aid 
of the sun's rays, organic evolution might have been impossible. 
'Vithout the aid of the cosmical force of concentration, in a certain 
way counteracting ,vithout neutralizing them, it would }Iave equaJIy 
been inlpossible. \Yith such a predominance of the one as has proba- 
bly prevailed in the past, or of the other as will probably prevail in 
the future, the particular fO:'IU of evolution required to develop ,vhat 
we know as life seems also beyond the range of scientific probability. 
A few degrees more either of heat or of cold are sufficient to utterly 
destroy it. Of the latter, ,ve have a near approach to a positive ex- 
ample in the state of things existing in l-egions round the poles of the 
earth's axis. Of the former, artificial proofs are easy, and certain 
desert regions of the globe constitute partial illustrations, easily com- 
pleted by the imagination. 
\Ve thus learn wh
t a precarious thing life is, ,vi thin what narrow 
linlÏts it is cil'cumscrihed, upon what slender conditions its possibility 
depends; contemplating ,vhich, ,ve may he appalled to reflect how 
sn1all a portion of the concentrated matter of space must ùe presunled 
to fall nuùer these conditions. For, even if eve'ry world in space 
passes through this organic period, its duration must be ephemeral 
cOlnpared with the vast cycle of its existence. 
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The important truth that it has been sought to J"each by these con- 
siderations is, that organic evolution is but one of the minor lllanifes- 
tat ions of universal evolution. It occurs at a stage of the process 
,vhen the struggle bebveen the contending forces is very great, if not 
at its greatest. It is the immediate product of that struggle, ana 
cannot exist when either the one or the other greatly prerlolninates. 
The force to ,vhich we universally ascribe all possibility of life is the 
force \vhich is tending to disintegrate the matter of the globe by ab- 
sorbing the motion of the sun. The force which constitutes evolution 
proper is that which bears down all life and reduces the face of N a- 
ture to a desert waste. ''fhe interaction of these two forces, where 
they are suitably prQPortioned, effects the organization of portions of 
the Inatter on the globe, and organization itself is life. The period of 
greatest organic perfection on a planet is therefore very different from 
the period of its greatest cosmical perfection, which corresponds with 
that of complete equilibration. Cosn1Îcal evolution is the history of 
the universe, organic evolution is a transient episode in the life of a 
paltry planet. 'Ve can only console ourselves ,vith the belief that, 
ùut for this trifling digression of Nature, no ùeing ,voldd have existed 
capable of formulating the laws of the universe. 
Organic evolution must not, however) be restricted to the mere 
span ,vhich tbe life of an individual represents. To fully conlprehend 
its scope, the conception of the organic aggregate should be extendet1 
to embrace all the life, past, present, and future, on the globe. The 
mysterious process of reproduction, unknown- to all other aggregates, 
has the effect of binding all living organisms into one continuous 
whole, and giving to all terrestrial life the stamp of unity. The indi- 
viduals of a race or species do not represent so many distinct aggre- 
gates. The qualities of antecedent forms, .whether inherited or ac- 
quired, are transmitted to subsequent forms, tbus conserving, as it 
were, all the organization previously evolved. Although the dissolu- 
tion of the individual aggregate takes place, the work of evolution 
which has been going on ,vithin it is pa
sed on to a new generation, to 
be there continued and again transmitted. The individual, therefore, 
becomes of comparatively small importance. The real organic aggre- 
gate is the race. The race alone is capable of }"cceiving 'and preserv"- 
lug all the products of organic eyolution. Ontogenetic dev('lopnlent is 
lost sigl1t of in the tHafch of phylogenetic development. The individual 
is merged in the specieR, the species in the genu
, the order, the class, 
and all are finally swallowed up in the tout ense1nble of organized 
xist- 
ence. Organic being, as such, is the final term to which the generaliza- 
tion must be carried before the true scope of organic evolution can be 
adequately grasped by the mind. Inciiviòuals perish and are decom- 
})osed; species become extinct; genera, families, and whole classes, 
are swept from the earth. The hroadest divisions into which the 
organic kingdoms of Nature bave been classified have each their 
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periods of ascendency and decline. But organic evolution ever con- 
tinues. Progress in organization is the constant result. It is always, 
on the ,vhole, the less organized that gives ,yay to the more organized. 
If the rich and exuùerant cryptogaJuic vegetatio-n of the Carbonif- 
erous epoch JUts d\\Tindled away into the insignificant cryptogamic 
vegetation of our time, it has been succeeded by a phænogaInic Yege- 
tation of far higher organization and nohler qualities. If the great 
saurian dynasty that ruled the Cretaceous age has surrf\ndered its 
sceptre and disappeared from the stage of terrestrial life, a far higher 
manllllalian dynasty, at whose head man now stands, has taken up 
that sceptre and is moving on to still loftier heights of organic de vel- 
opUlent. 
'Ve have thus arrived at the highest point from which the pt:e- 
Ilomena of organic evolution can be surveyed. What do 've see? "T e 
see that, in proportion as our point of view rises, the relative inlpor- 
tance of' the phenomena of diEsolntion to those of evolution dimin- 
ishes. We see that the dissolution of the indh;idl1al aggregate affects 
but little the evolution of the race-aggregate, and not at all that of 
the con1plete life-aggregate of the globe. We see that, an1Ïd all the 
evanescent forms that surround us, the evolution of life is constant; 
that of organic being as such there is no dissolution. "or e thus find 
the parallelislll between cosmic and organic evolution, ,,,hich at the 
outset seelned so paradoxical, and afterward so in1perfect, to be at 
last complete. In the one as in the other, the only phenolnena ,vhich 
we kno,v to he universal are those of evolution. In tbe one as in the 
other, the opposite class of phenomena are wholly subordinate, spe- 
cial, and local. In the on
 as in the other, the forces of attraction and 
repnbion, of integration and disintegration, are in perpetual conflict. 
In the one as in the other, the organization of n1atter is the result. 
Just as the doctrine of the nltinlate dissolution of the hodies of space 
rests on a priori deductions alone, unsnpportecl hy enlpirical oùser- 
vation, so Inust the final disorganization of the life of onr globe be 
inferred fl'om cosmological principles, which transcend the present 
lilnits of astronomy and physics. So far as we are capable of pene- 
trating the mysteries of space or of life, we find that evolution is tIle 
law of the universe; while the forces ,vhich oppose that law, though 
powerful anel ever active; are secondary and subordinate, and only 
seem to reverse it by the destruction of transient form
. In the gen- 
esis of world-systclns this cOllnter-eyolutionary force consists in the 
inherent expansi\Te power of diffused m"ltter, or, ,rhat amounts to the 
same thing, in the r
sistan('e which sneh matter offers to the forces of 
condensation. In tlu
 phenon1ena. of life thi
 resi
tance COllIes chiefly 
from the 
un, whose thermal radiations tend to dissipate the clen1ents 
of the glohe. 
'Ve are thus l)rought into full view of the a
(lpe
t truth that 
underlies the redistrihution of Inatter-the profound antithesis be- 
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tween gravitation and etlt(Jreal vibration, which constitute, in the last 
analysis, the true correlative principles of \vhich evolution and disso- 
lution are the corresponding proces::5es. These are tbe agencies which 
are at all tilne
 antagonizing each other in all parts of the ulliver
e) 
anJ \vhose exact equality in it seem:::; to form a logical tenet of the 
modern cosmology. A certain golden mean bet\veen these forces, but 
in which the former must l)redominate, results in organization; star- 
systcnls are fonned in space, and life is developed out of the plane- 
tary elemeuts. Such appears to be the state of all the matter within 
the range of human observation... 
-'or, ,vhatevcr Dlay be the condi- 
tion of other "Torlds or other regions of space, the phenomena of our 
,vorlù and our portion of space belong to the ascending series; and 
whatever may be the final doom of our planet and our lllliverse, both 
are now ill a state of progress, and are still rejoicing in the morning 
of creation. 


... 


PESSI1tIIS
I AND ITS AKTIDOTE. 


By CHARLES KISBET, 


T HE consideration of general questions not admitting of definite 
answer, anù always throwing us back on tbe consciousue'ss of 
the extreme liu1itation of our knowledge, is not a profitaLle direction 
of n1ind, nor to be recommended as an exclusive study. 
Still, occasionally, it may be wholesome, as it has confessedly a 
strange attraction for us, to journey to the confines of our little island 
of knowledge, and thence speculate a little on the trackless ocean of 
mystery to the na\.igation of which science and logic are alike inade- 
quate. All true religion is founded on this consciousness of the infi- 
nite, of an ultimatum transcending our conlprehension, but stin1ulatiug 
and exercising our faith. 
The moral government of the ,yorld, the spiritual tendency, or 
indeed any dOlninant direction, of thing
, is not patent to the fleeting 
g1ance, does not reveal itself even to the Inost strenuous thought. 
The hi
tory of the \vorld presents itself rather as a Jeremiad, as a 
bottomless chaos in ,vhich evil and good "Tre
tle 'with each other for 
the Inastery, and where evil generally boasts the vast majority of 
forces. 
Savage countries lie thousands of years moral1y stagnating or 
decomposing, often J,hysically starving, ground down under cruel des- 
potisms ana superstitions, reducing one .another in perpetual warfares. 
The pages of the most favored count.ries sho\v long chapters of declen- 
sion, anù the moral influxes, like angels' yisit
, only few. find far he- 
tween. The cause of Brutus opens the way to Cæsarism anel deat h. 
Spain shares in the tide of new life, but that life is zealously eÀtill- 
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guished, and the nation settles down to decay. Cromwell and his 
I)uritanism introduce Charles II. and licentiousness. The Pilgrinl 
Fathers, \Vashington, and other great men, lay 'with solemnity and 
greatness of Inind the foundations of the United Slates, and is its his- 
tory hitherto a satisfactory result? :IS atioll after nation, Egyptian
 
Persian, Jewish, Grecian, l
oman, .Arabian, and Celtic, shoot into bIos., 
som in 01't1er to rot back iuto forgetfulness. 
AntI if we take regard of the individual units that are always 
Rwarming by the l11illions into the ,vorld, ,vhat vast quantities get 
blasted out before they have well begun to cry, not to speak of the 
possible units frustrated of birth. .And of those surviving the perils 
of the ontset, how all get bruised aud damaged booner or later, till 
death comes and suufr
 out the smoky tallow-lights! People lnade :3 
great fuss at the time about the late 'Villianl !{illg Thompson, of Brook- 
lyn, N ew York, ship-exploder, as if he had done something more than 
usually ,vicked, but no\v it is seen for the mere trifle it is. Say he ex- 
ploded half a dozen ship-loads of men, was there, out of the six human 
cargoes that flew successively all at once into ten thousand pieces, as 
nlllch as one individual that properly speaking ever lived, or lived 
other than the nlost insignificant sensational existence? At every 
change of the temperature of the atmosphere from heat to cold are 
not many thousands of aërial midges slullinoned, on very sllort notice 
indeed, fronl their gay discursions to face the solemnities of eternity? 
.A.nimal existence is cheap as dust, the earth and stones only requiring 
some little n1Ïxing and kneading in order to turn off endless batches 
of men and ,vomen. 
Consider the tens of thous:lnds ahvays being born in our large 
cities, who by bad parentage, bad conception, foul air, foul food, and 
all manner of evil influences, get at once summarily stamped and sealed 
off to depravity and perdition. Think how in all our towns are hou
es 
,vhere choice hnman cattle are kept, fed, and dresseò, their soundness 
attested (on the Continent) by qualified offieials ; anù hb\V your choicest 
human cattle, rejoicing- in their spiritual culture, throng into these 
shows to inspect and pnrc11ase. And in this enlightened age ,ve kno,v 
this is 
 ature all the '\
orld over, and Nature n111st be oheyed. 
'Ve are proud of the present age as the triunlph of trade and 
mechanism. _,A.nd we know the high genius and aÍ1u of trade. Trade 
thinks only on a good halance, and is proud of a good halance, be it 
got out of the follies and vices of n1cn or in whatever way. Trade is 
thinning the c,ountry; crowtling the to\vns, swelling (lukes' incomes, 
fattening distillers and bre\vers, disfiguring and reducing the human 
IJltysiqlle, hlighting the tenderness of relations hetween man and man, 
checking yon off the values of the different sorts of intellect nnrl in- 
f'pirat ion. And, tlJanks to the extrern
 nicety of our mechanical are 
rangement
, we are cut down into the nlost fractional existences. ....\.s 
if the disjectrt Jneinbra left on a field of Lattle were Inade to spin into 
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some sort of galvanie life! In the higher provinces, too, yoúr intel- 
lectual men are distributed into departments and sub-departments as 
writers. or speakers, ,vhile life in tbe ,,,"alks of fashion is a game of 
consumption and show. Aud when on the part of busy men the day's 
arduous endeavors toward the continnance of sublime human life are 
accolnplished, and leisure is left for reflection, then a glass of beer, a 
pipe, carùs, coffee and cake, a game at billiards or ,vhist, a novel from 
the circulating library, is illin1Ïtable scope for the spiritual faculties. 
And if we turn to our highest spiritual institutions we see equal 
signs of pro
perity. At all our famous universities droves of young 
men cal1ed" students" are invited to profane the holiest nan1es and 
symbols under the pretext of studying them, as if the first and fore- 
most condition to intellectual activity or " study" "
ere not a certain 
degree of spiritual faculty, of purification of the heart. The to,vns 
,vhere they are collected for spiritual culture they defile more scanda- 
lously than any other class which makes no pretensions to spiritual 
culture. 
Even if we single, out of the ",.hole range of human history, the 
fe,v men of genius whom we are constrained to regard as the eminent- 
ly favored and endowed of our race, we find what a broken career has 
been allotted to the most of them. Haye not many of then1, possess- 
ing courage to inspire, intelligence to enlighten, sensibility to refine 
the world, sickened under the languor of neglect or got embittered at 
the endless contradictions and misrepresentati9ns of their fellows, dy- 
ing at last as unfortunate men, unhappy to themselves, unbeneficial to 
their contemporaries? 'Vhat an evil is the not unfrequent d('pravity 
of genius, and ,yhich under happier circumstances might have been a 
great salutary influence instead! l\Iight not the tren1endous forces of 
Swift, for example, baye been turned to better account than left to 
explode in shocks of l1alf-diabolic hate in earlier days, and ill nladness 
at the end? Think of the generous hunulll heart, brave wiB, and clear 
head of Burns, a lllau of quite transcendent powers, yet fain to slink 
past on the sluldy side of the street, left to 11eed so wretcIledly to 
death in the Inidsununer of his days. Contemplate the great iutellect 
and great heart of Lessing, a man of thrice excellent m
ther-wit and. 
effectiveness', disposing with a lordly air of the whole literature of 
Europe, awakening ,,
ith hi
 clarion-voice his slumbering nation to 
new iÏ1tellectual conquests, yet himself imprisoned for so many of his 
best years in the stifling library-dust of W olfenbütteI, isolated there 
in the midst of an unhealthy swamp; the world such a dish of skimnled 
milk as to be incapable of any sense of honor. "\Vas not I
e
sing's 
cIllld a boy of remarkable senRe, who 110 sooner came into tIlc world 
than, seeing his mistake, made out of it double-quick? Is it not prolJ- 
ahle that many brave soul
, braver and better perhaps than any known 
to fame, have gone do,yn to sHcl1pe unregarded, the ,,,"orld's 
tl1pidity 
being nlore than a match for the gods thClllsclves? Think of good 
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Ell[Jar in "l{ing Lear," and had he been left to die a maniac, would 
that, think you, have been untrue to fact? 
Even the one or t,vo to whom Fate has been most propitious, a 
Shakespeare, a Goethe, have not they too suffered fron1 the bruises or 
flattery of Fortune, fallen at any rate far short of the fullness and 
halance a happier age and education might have conducted then} to ? 
People are indeed fond of raising monuments and holding cente- 
naries (to the so-callpd honor!) of great men, but do you think there is 
any significance at the bottom of it ? Very little indeed. The fathers 
kill the prophets, and the sons garnish their sepulchres. 
In the face of these facts and considerations ho,v disgusting to 
hear the universal cant about "public opinion!" The shoemaker's 
opinion may indeed have some value on the Inatter of boots, the tai- 
lor's on that of clothes; but what opinion can the ma
ses, all ab- 
sorbed in the question of simple existence, have about government 
and education and religion? At best they are capaLle of a total 
heart-belief in names, of dying a:-.; martyrs fot: names. Dean Stanley 
admits that most of the noble martyrdoms have been in attestation 
of peculiar combinations of letters of the alphabet. See the intellect 
and heart of Scotland wrangling, down into the latter end of the 
ninet.eenth century (and into how many later centuries ?), as to whether 
little children at school shall learn how to define effectual calling and 
distinguish between justification, adoption, and sanctification! 
And all men shall be immortal? Each despicable unit must needs 
be an immortal and independent soul? Came from God? _\.ncl God 
Hends by special appointment such swarms of imnlortal souls, often in 
such questionable way, sinto the ",'orld? And if you are really eter- 
nal the one 'way, before, you must also be so the other way, behind? 
What, then, of your being a thousand years ago? And you do 
eem 
to carry the air of eternity about you, sleeping and digesting :lnd 
potteì-illg about nothing as you do! Is not each individual man, 
according to Darwin and Haeckel, but the temporary inheritor and 
transmitter of the qualities of his ancestors, modified by the impres- 
sions received during his own tenure of life from intercourse with 
people, reading, etc.? And how can the self-same life be held at one 
and the sanle tilne by each individual successive link in an cndlc
s 
chain, seeing the life devolves but in succession, and that each link in 
the chain sparkles into existence and lunlinousness only during the 
short term of actual po

ession ? 
It is no use arguing that filen are left to their o".n free-wills, and 
bave thenl
elves to hlame for their fatl'
, ,vhen tIle whole complaint is 
simply that men have no free-,vil1s to be left to, but are total slayes. 
And yet not a poor devil desecrating the earth but, under yery possi- 
ble circnmstance
, through a kinder providence and better influences, 
might haye been saved in the first place fron) being born a devil. 
Where, then, is the moral government of the world, the ideal tendency 
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of things, the high and lofty destinies, and all that? Schopenbauer 
and Bahnsen, earnest thinkers, arrive, after exhaustive exanlination 
ana mature deliberation, at the conclusion that the 'world is not thc 
best but the ,vorst conceivable, the best possible issue for it annihila- 
tion, man's grcatest misfortune birth, his greatest happiness death. 


And yet the everlasting Ùnpossibility of accepting this as a final 
statelllCnt proves unquestionably its partiality-proves ther
 must be 
quite a different and broader verdict. Dum spi'J'o spe;.o
' respiration 
is aspiration. Life is hope, is struggle upward and onward llealthy 
and robust life can set no final goal to its endeavors and hopeR, but 
carries deep in i.ts bosom the pron1Ïsc of quite an infinity of inlJcri- 
tance-dim and unconscious perhaps, yet latently warm and unques- 
tioning. 
Despair is death, deelension from 011ce recognized higller ideas is 
degeneration, violation of principles of honor and justice once recog- 
nized is inevitable injury. In the active furtherance of spiritual or 
universal ends alone has nlan solid and complete satisfaction. \Vhat 
is the meaning of the universal Jeremiad from the beginning of time 
tillno,v but" the faIl," the declension from the necessary justice and 
goodness? Down to the last stage of deprayity the nlau is 1leyer at 
honle in his i.1epravity. It is always depravity, and not natiye bad- 
ness. The 111an's unsightliness, alienation frolll hinlself and llÏs fel- 
lows, inward sense of bankruptcy and ruin, is an eloqul1nt, pnthetic 
sermon in behalf of the true. 'Injustice, selfishness, di
aYowal of 
obligation
, seizure of others' property, never enriched or profited a 
man, but has always beèn so much in,vard contraction, induration, 
plethora, deIiration-always so much disease involving so. much pain, 
delnan(ling so luuch expiation. 
The suhordination of self in the pious recognition of the eternal 
laws (== r(lligion) anel thc adequate willing execution of the same 
(== art)-that alone is life, and a man is more or less according to the 
measure of his possession of this life. In tllC nèune of God, which is 
our highe:-:t expression of the ,vorld, is recognized 80nlething higher 
than our utmost sense of the just, good, nnd beautifuL If
 th
n, our 
hearts go out in fen'ent, irrepressible longings of 10\'<.> to,,;ard the great 
men who }mve met on tlJis p1anct the 1l10st unhalHlsonle reception, if 
"Te clemand that the heavy debt of lQve. and estl 1 ell1 ,vhich was due to 
Lessing, for ex
tIl1pl(l, but neyer paid, b(l at last ma(le good to him, 
that thi
 
xccnent spirit, ,,,hich Qut of a full heart would radiate to the 
qnickening and enlightening of his country ::nHl Europe, do not strike 
his beanH3 into emptiness, hut thnt lIe hilnse]f also he gJadd('ned by 
the wnrm r(>flection of llÍs own light-is there, are "T
 to suppose, 
nothing in the llCnrt of things, nothing in the primal intellect and 
heart corresponding to this unsubduable demand on 1 he part of our 
rernote individual consciousness? Shall the mother-sun lJe less warm 
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than a reflex ray of itself? If, again, our hearts, though so poor and 
insensible, can yet break in salt sorrow over the confu
cc1 helpless 
luisery of the InaB
es, is the prayer that bursts involuntarily from them 
not in accord with the heart of God himself? Is it a foolish and false 
iUlpube which Nature stirs in the heart of the nlother when she rec- 
ognizes a quite infinite value in the poor helpless chick newly-born to 
her? 'Vhen J csus Christ appeared as a SYIll Lol of 10\'0 and mercy in 
this world, preaching the prodigal son, and proclaill1Ïng the God of 
this world to be a God of righteousness and compas
ion, could the 
hearts of his hearers remain insensible to the lnanifestation and the 
s.ermon? Have not the words been caught up as the truest gospèl of 
the highest God? And in Jesus Christ, who felt an unspeakable in- 
terest even in the outca
ts of society, and whose attitude toward the 
morally wrecked man
 in whom desires and appetites had devoured 
all the handsoIue capital and prospects and possibilities in life, was 
not the side sniff of cold disdain, but conc1elnnation into everlasting 
fire or an infinite yearning of compassion-in this appearance of Jesus 
Christ on earth have not men been constrained worshil'fully to rf.wog- 
nize the truest incarnation of God? Religion which sinkH in us all 
personal regards, which would bring us into immediate couullunion 
with the Supreme, is ever a consciousness of inexhaustible resources- 
is more than a counterpoise for all the ills of life, and all the black 
facts which history can adrluce-is a power ",'hich can d wart' all his- 

ory, all the hitherto actual, into the insignificance of a luere prelude, 
and not an ess{-'ntial act in the draBla of life itself. 

Ieanwhile, over and above this general reflection, which, if needed, 
can al ways ser\'e as our last impregnable resource, it is possihle to 
predicate particularly some of the advantages, and even the absolute 
nece
sity, of the confusion and Iniscry everywhere attaching to reality. 
This confused world of good and evil i
 th
 right arpna and train- 
ing-school for battle, enterprise, patience-for aU the active and in- 
deed also all the p
ssive virtues. The baseness, stupidity, folly, 
injustice, suffering, and wreck, this world everywhere })resents, are 
always a splendid challenge to strength, diligence, endurance, faith, 
wisdoIn-to all sublime ana u1anly qU:1lities. Sloth, indolence, sweet 
dre:uniness, and credulity, have a hard tin1e of it here-meet every day 
with the sllrewdest rubs and tosses till they are either forced into 
,vakefulness or gored into death. _\ long-living and prosperous nation 
Blust plough the soil, n1Hst 
ail the sea, must liye much out-of-doors, 
nlllst ever be p
.erared to defend its own against the whole surround- 
ing ,vorh1. .r\nd the artist or lllan of letters must not en
conce him- 
self too HInch in his cozy study, hut lay hiln
clf open to the shock of 
oppo
ition ana the mi
constrnction of his fpl1ow
, nltlst not !':hrink 
from the experience of unkinc1ly facts to try his nerve ana test his 
digestion. Only to the IHan who lives inclustrioHsly, nloflf'ratclr, 
honestly, truthfully, and l)iously, does God vouchsafe ]lÌgher dis- 
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closures; and to the man who will eat the bread that has been. by the 
labor of ot
er hands procured for hiln ,,-ithout ,paying an equivalent, 
the kingdom of heavcn is fore\Ter shut. 
TLe per
onal pain, languishment, and imbitteredness, do not spoil 
for the brave nlan his appreciation of life, but by persistent faith and 
well-doing he t:ìubdues anù con verts contrarieties into furtherances. 
Socrates and Paul and Croillwell aud :àlilton did not break their llearts 
or give up the fight. Lessing, after all the languor and sickness of 
'V olfenbüttel, refused to die, though he bore in his heart the deadly 
ravages of fate, till he hall first presented to his ungrateful country 
his large-hearted offering of " 
 athan del' 'Veise." N or was he ego- 
istically looking forward to a world of ha.ppiness beyond the grave, as 
cOll1pensation for his sufferings, as re\vard for his magnanimous services. 
" He heeded not reviling tones, 
Nor soM his heart to idle moans, 
Though cursed and scorned, and bruised with stones." 


Think what sort of world it ,vould be without the pain and perse- 
cution. 'Vhen in our church-pews our ears are tickled ,,-ith the sweet 
eloquence about heaven, .where there wil1 be no tragedy, no pain, no 
tears, no trial of temper, no tempers, no passions, no black, all .white, 
only ,vhite, c\.erlasting singing, and so on, does not every masculine 
heart feel the lnost Inelancholy misgivings about the concern? ,,"ould 
he not willingly sell out on that poli<,y even at a liberal discount, could 
he but invest ".ith the realized 
apital in this troublous yet .witllal 
interesting planet? 
The truth is, the mixt,ure and antithesis is the appetizing qua1ity 
in the fare of life. The dangers, nlisunderstandings, jealousies, errors, 
and seductions, on the one hand; on the other hand the joy in 
healthy relations to the sensuous world, and in the æsthetic contem- 
vlation of it, the sense of tlle ludi<,rous and ridiculous evermore tickled 
by the ,vonderful conjunctions of the suù1ime and vulgar in human 
affairs, the feeling of heayen in true relations to our fellow men and 
wornen, in work ac('ompli
hecl 'and duty performed, the highest bliss 
of all in the recognition of, and nearer and nearer identification with, 
the Supreme Spirit; tIle sense, in short, of a hell all the.one lland to 
be shunned, and a heaven on the other to be cnjoycd-whoeyer vh-id- 
ly realizes all this ,,-ill not underrate life on this planet, but infinitely 
prize it. 
Yes, this earth is dear to mortal men, not merely in spite of its 
tears and cro
ses, but also on account of them. The hitterest expe- 
riences we pass through need but to drift to the dne distance in the 
past, and they aSSUD1e a wonderfully interesting guise. Strangely, 
tenderly affecting in the retrospcct are our riotous" Ilal" days, our 
sighing 'Tenus and Adonis fit, our sultry 'Verther fever, our sweet and 
bitter Faust period, and all the other dear illusions which 1)eset us on 
our devious path. 
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For indeed we prize Hfe not by the sum of our possessions, but 
only by t]}e rate anJ steadiness of our growth. " Not the possession," 
says Lessing, "or fancied pos
essioll of the trutll, but the endeavor 
after it, deternlÎnes a man's value. If God held in his right hand the 
SUlll total of truth, and in his left the ever-inextinguishaLle desire 
afte:.. truth, though l.inked \\'ith the condition of everlastingly wander.. 
ing in 
rror, and called to me, , Choose,' I should humbly clo:se with 
the Jeft anù answer: 'Father, give nie this; the truth pure and simple 
is for thee alone.'" 
But if we will have cleared to ourselves at the highest court what 
it is that imparts to error, criule, and tragedy, their powerful attrac- 
tion, so that they are indispensable to high poetry and music and art, 
we shall find it is only because they constitute a dark background to 
heighten the play of the lightning
, to glorify tbe splendor of the 
sun. The trial and sorrow and hUlniliation serve to bring out in c1is- 
tincter outline the faith and serenity and triumph which, as in St. 
Paul, are more than a lllatch for all the powers of darkness. Our 
conyiction of the donlinance ana necessity of nloral la\v i
 so deeply 
grounded, that the StOrIll and earthquake tln'eatening its uplJeaval only 
SUlllmon into livelier consciousne:-:s onr inexpugnahle confidence. Let 
the heavens fall. Though the earth be removed, God is our refuge. 
It is the conscious or unconscious .conviction of every sound man 
that truth is better and nlore beautiful thnn any deln
ion-that 
a nlan's well-being is the measure of his cOllfonuity to truth. Does 
a In:111 find his hitherto solid philosophy impugned, his 1110st holy 
religion out of joint with Hew emerging facts, he ,vill not shut his ears 
to the severe reason. Does Srien.ce CODle ana knock from under his 
feet the ground of Ï111ffiortality on which he had rested, it nuty help 
only to st
rtle him out of his egoisln-startle him on to some firmer 
footing. He must feel the inlmortality in the present, and not })ost- 
pone it to the future. Only he \vho has eternal ]ife in him (== intellect- 
ual recognition of, and hearty i.1ent ification with, eternal law.) is eter. 
nal. If Darwinism is true, and a nlan's spiritual supremacy is also 
true, the two facts ,viII square with each other. For n1Íncl and Nature 
are the type and impression, in perfect correspondence to each other. 
The harshest exception i
, ,vhen properly understood, no exception 
but a confirmation of the -beautiful law. Depth aud wholeness of 
vision ,vill always be song an<l piety, ùe Dante and Shakespeare, never 
skepticislU and mockery. The reconciliation of the spirit w.it h :Fate 
and Nature is a grace :which rests sweetly and unconsciously in the 
heart of simple goodness, hut is al
o thc crow'ning grace of the bold- 
est intellect which has pierced deep (\llough. Plato, Shakespeare, 
l\[ilton, Newton, I\:ant, Goethe, and 
chiller, are reverent ,vorshipers, 
and walk in the sanctuary aboye ann-in-ann \\Tith Christ and the 
apostles. We see, in the" Nathan det' "reise," how the bra \"c Lesêing 
l'ecf\iv
c1 before death in fulle
t nl('a
nre the gift of I'eronciliat ion. 
VOL. XI.-44 
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And out of the perplexities and corruptions and misunde'rstand- 
ings of human affairs we have in Nature, which ever over-canopies 
and surrounds us, a retreat into the beautiful, 'where 'we can evern10re 
refresh our sense and conviction of the holy. The sun, stars, woods, 
grasses, shells, birds, and wild creatures, are not corru})t, or at least 
do not suggest to n1an, ,,,hen he conten1plates them as a whole (æs- 
the tic ally and not scicntifically)-do not suggest images of corruption; 
hut the poor besotted wretch beholds a perfect splendor in the sun, the 
prey of ruinous appetites looks into an eye of innocence in the flo,,
- 
er8, the bankrupt gazes around and above hÏ111, and wonders 'why in 
a royal palace he should be a blot and disgrace. 
As soon as the man rises above his desires, and thro,,"s the roots 
of his being beyond the narrow confines of his egoism into the spirit- 
ual realm, where his own individual self &3inks in other individuals, 
where other individuals beconle as much his proper interest as him- 
self, then the soul becomes one ,,"ith the universal soul, and perfect 
reconciliation is enjoyed. The man's past pains are healed, his very 
sins and sorrows yield themselves to him as experience and instruc- 
tion and romance. 
The devil himself is subdued into good. Job's latter days are 
more beautiful than his earl)T days. Through his sorrows and errors, 
Faust at last attains to a wider and holier life. The attraction to 
Gretchen, not,vithstanding the sensuous illusions, has, in the beart of 
it, a soul of love and sacredness, and through the deep welter of sin 
and suffering is purified at. last into sanctity. Do you think Faust in 
the end ,vould annihilate his experience of Gretchen if it were possi- 
ble? No, the earth and Ì1eayen are dearer because of her. Gretchen 
is universalized, and the universal is Gretcbenized; the 'world is all a 
sacred, pathetic Gretchen. 
That an unhappy life may be happier than :it hal)PY one is indeed a 
paradox, but is nleant in earne
t. A tragedy is more delightful than 
a comedy. Or a comedy is better for a mixture, and strong mixture, 
of tragedy, so the tragedy only get digested in the end. Dlack is 
necessary not only to the relief, but even to the very composition of 
,vhite. I should not choose a life of uninterrupted pleas
re, ,vcrc the 
world to engage its utmost to secure it me. The lightning is born of 
the darkness; and the battle, joy, and splendor of life are to be meas- 
ured Ly the amount of opposition overcome. 


U They say best men are moulded out of faults, 
And. for the most, become much more the better 
For being a little bad:" 


L
t us ,vith assured hearts trust tIle Cause of all, who has created 
the good and the evil, but 11a8, ,ve belieye, made the evil to be ulti- 
Inately subservient to the good.-lJIacntillan's lJIa{jazine. 
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TIlE )IODERN PIANO-FORTE. 


By S. AUSTEN PE4-RCE, 
I{;s. Doc., OXON.l 


} /rUSICAL illstrunlents with manuals or key-boards, and fixed 
-.1.\ï tones, OCCUI)y ,a most important position in the annals of 
modern art. All the greatest còmposers have been skilled per- 
forIners on such instrulnents, and especially on the piano-forte. They 
. are very greatly indebted to it; not that their works have been, pro- 
duced by its aid, or that it has been allowed to exercise a formative 
influence over their imaginings, but because of its companionship and 
synl})athy. The creator of ne\v musical forms, while engaged in his 
silent work-in the comparatively slow process of writing tLe indi- 
vidual parts for all the instruments employed in the orchestra-not 
only exercises the faculty of expression, but also the power to with- 
hold. This power-this muscular strength of the brain, to grasp and 
retain ,yhatever has been conceived, not withstanding the perplexity 
as to means of expression, ,vhich conlmonly attends a cro,vd of ideas 
and feelings-is sonletinles in danger of being overtaxed. On these 
occasions great relief is found by opening the piano-forte, and throw- 
ing off the piece at full speed on this plastic.instrument. After realiz- 
ing his ideals in this imn1cdiate and satisfactory manner, the composer 
returns refreshed to hiR patient lal;>or-to the detailed record on paper 
of those elnotions which fill him ,vith such passionate energy. Or, 
Rhould he ,vish Inere1y to find relief in utterance-to commune with 
hinlself, and obtain recreation by driving temporarily from his thoughts 
the work in hand-then this comprehensive instrument, this minia- 
ture orchestra, enables hhn to extemporize elaborate contrapuntal 
forms, clashing cyclopean harmonics, or highly-involved melodic 
strains. 'The sounds thus evoked fall back on his delighted ear, 
exhibiting to him, in audible form, his psychologic conc1ition. During 
these fleeting nloments he thus beholds his subjective state, as clearly 
and d(\finitely as in fL rnirror he would see, similarly reflected in yi
i- 
ble fornl, the expression of his conntenance. 
But the piano-forte, by 11laking dOlllestic music at all times easily 
and immediately attainable, "Tithont the preliminary adjustments re- 
quired for the harp or other Rtringcd instruments, has become uni- 
versally popular. Its Jiteratnre is larger than that of any other, and 
what(\ver nlusical forms have fonnd favor ,vith the public are Î1nnle- 
diately a<.1apted and rearranged for reproduction on it. 
The piano-forte appears in' four principal forms: as grand, sqnare, 
upright, anel curved, the latter heing a newly-designed model, hy ::\11'. 
J. 'V. Otto, of St. Louis, 1\Iissollri. The 
\merican grand piano-forte 
1 Lecturer on Harmony and the Scif'nce of 
fusic, at the General Theological Seminary, 
:New York; :Musical Director of Columbia College Glee-Club, etc. 
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is, howe,Ter, the greatest triunlph of inventive genius and skill, "aitled 
hy tHodern physical science; and this fact being- acknowledged in all 
parts of the civilized world, foreign trade has been introduced to such 
an extent as to make the industry one of tbe largest in the United 
States. All the maker:;; here daily strive for preën1Ïnence, and ell- 
deayor to surpass one another in the superior excellences of the 
smallest details, if not in the novelty and value, of their O"Wll re- 
spective inventions. No pains or expense are f'pared to oLtain iUl- 
provements, in the hope that these may, at least., lead to sub:sequen
 
discoveries in the many untrodden paths of acoustical science. In 
this respect they resemble the old violiu-nlakers of Italy, who also 
took a pardonable pride ill their productions, ,yhich are the result of 
similar prolonged striyings. 
'l"he violin and the piano-forte, however, although in some ref:pects 
similar, are in others ,videly different. The violin is endo"Tcc1 ,yith 
p
rpetual youth. It even improves with age. The piano-forte does 
not. The violin i
 a mere shel1 of wood, nlodeled sonlewhat after a 
hunlan shape, held together by glue, and stnn1g with catgut; and 
although its various parts must be adjusted .with great discrinIination, 
and the bow "with which it is excited be fillply formed (haying, for 
instance, a length of say t"wenty-nine and a quarter incht,s; "weight 
of 900 grains;- a diamet
'r gradually d
creasilJg, for twenty-three 
inches, from one-third to one-tenth of an inch, the curvature nH?an- 
while increasing at an accelerating rate, to give a spring to the bo,v), 
yet this musical instrument, ,,-hen compared with a piano-forte, appears 
as an extremely simple organism. It is tllore homogeneous, like an 
the other members of the nun1erons family of viols. The piano-forte, 
on the contrary, ,vith its many kinds of ,vood, hard and S9ft, h
avy 
and light; its many kinds of cloths and felts; of skins; .with its 
masses of wrought and cast iron, steel, copper, hrass, silver, lead, etc., 
is a more highly-complex production. It is heterogeneous, rather 
than homogeneous; and only by the most }1erîect coürdinatioll of all its 
parts does it retain an organization capaùle or worthy of preservation. 
The piano-fortes of Erard, 8,0 highly prized for their extreme re- 
finement and susceptibility to E'lightc
t variations of toucl., are ex- 
tremely delicate; and while other Europeans lwve succeeded in luak- 
ing more robust instruments, it ha!" been re
ervec1 for the .Aluericans 
the ahility to endow their produC'tions. wit h constitntiolls capaLle of 
resisting, to any rcn1arkable extent, clill1ntnl influences. The d(\gree 
of their success, with rcference to longevity, is not yet ful1y proved; 
and the variations in this re
p('ct arc f:O great that i
 ,vould be e"'\""en 
rash to form an e
timatc, as we shnll pr

ently see. It is onl)" safc to 
say that a piano-forte is never bctter than when it fir
t leaves the 
hands of its n1aker. Like a young-, impressionable being, it luay then 
be made to f;uit special tastes and requirenlcnts. The readiness and 
extent of response to touch can then be determined, and the tones 
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l11ay at once be Inade fuller, rounder, s,veeter, harder, more brilliant 
and penetrating, or more synlpathetic. It is vain to hope that they 
"Tin be mellowed or other,vise Ünproved with ag
 or use. 
:For it is a COlllmon experience that pianu-fortes differ greatly in 
the ability to retain their good qualities, even though subjected to 
the saIne conditions. It is also noteworthy that, although many ill- 
:o;tnnnents nlay bp "made precisely similar, and by the salne ,vorkmen 
at the s
n11e season of the year, all other known things being also equal, 
they will differ in their characteristics, as children of the same falnily 
ulysteriously differ from one another, although retaining many nH
rked 
points of resenl blance. It should, therefore, not cause surprise that 
an10ng the 30,000 piano-fortes annually produced in the States sOlne 
,,,ill be found so admirably balanced, so happily constituted, and 
adapted to endure great" wear and tear," as to survive nlutilation, 
railway-accidents, extremes of heat and eold, dampness and dryness, 
and yet remain surprisingly vigorous and strong. Engineers and 
others acquainted ,vith the conduct of iron-in Ruspension-bridge
, 
for instance-,vhich does not uuifornlly granulate, will not be sur- 
prised to learn that three strings 
truck uniforn1ly with the same ham- 
Iner may break at widely different periods, after losing tJ]eir tf'nacity 
fron] the insidious nature of yihrations, and then froln thermal changes 
rather than blows. But here we are not merely speaking of the 
strings, but of the piano-forte in its entirety-as consisting of a great 
nunlber of mutually-depending parts, coöperatÌJlg to a con1mon end 
and the harmonious working of all. 
To trace the gradual develoPlnent of the piano-forte, from all its 
various archetypes, would occupy too n1uch space. It is sufficient 
here to point out that virginals, spinets, cla\Tichords, harpsichords, 
and various new forms of old types of similar instruments, .were found 
incapable of further inlpro\Temellt. In the "struggle for existellee" 
they failed to compete ,vith the piano-forte, which, although at first 
far infeJ'ior, has finally survived thel11 all. During the past fifty 
years, 1110(lern science has materiall y aided in enlarO'inO" its P owers 
b ð , 
especially in AUlcrica; and it now clailns our at.tention as the ulti- 
mate result of a long serie:'\ of modifications superitnposed on n10clifi- 
cations which have led to "That 1\1r. Herbert S p encer rnio"ht desio-Hate 
,::, ð 
as "an immense increase - in the harmony between the organisl1l and 
it;.') cnvirol1nlent." 
European piano-fortes introduced by the early settlers 1]ere soon 
hecalne useless. The dry lana-wilH.18 of the interior, the n10ist sea- 
breezes of the coasts, the violent and sudden thermal changes, could 
not be endured. A new species had. to be produced, for this one failed 
to hecolne acclimated. The pro"blem to be solved in those days was 
by no means an easy one. It ,vas as .difficult to improve upon the 
then existing piano-forte as it is to ilH're3s(' the capabilities of tbose 
we possess no\v. But the indoluitable perseverrrncc of sturdy souls 
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led tbem to face the difficulties resolutely, and devi3e " new internal 
relations" to meet" new external relations;" to bring about, as it 
were, a closer" correspondence bet,veen the organization and its en- 
vironment." They learned that the "degree of life varied ,vith the 
degree of correspondence;" that along with conlplexity of organiza- 
tion there goes an increase ill the nUlll bel', in the range, in the spe- 
cialty, in tbe complexity of "adjustments of inner relations to outer 
relations," in what may perhaps be termeù "the evolution of the 
}Jiano-forte." 
Their first, rather uncouth-looking instruments, ,vitb enormously 
large, solid wooden frames, appeared as au "unmixed breed," and 
therefore so far staLle. They did not succumb so readily to the 
climate, and even presented peculiarities that attracted attention in 
Europe. The native "yoods of ,vhich they 'were nlaùe ,vere fouud 
to be better adapted to tbe climate; polisb .was used even for the 
sound-boards, in preference to varnish, which evaporated, and other 
slight cbanges were adopted with great benefit. Yet still the requi- 
site degree of strength could not ùe obtained from ,vood alone, and 
tbe comfortable classes using pile carpets, heavy curtains, soft cush- 
ions, and other warmth-retaining substances in their dra,ving-rooms, 
demanded a piano-forte that could make itself heard in the presence 
of so n)any deadeners of sound. Iron ,vas then employed in combina- 
tion with 'wood, but, the action of the two nlaterials ùeing by no nleans 
uniform under constantly-changing con<1itions, t,he desired equilibrium 
was not gained. In some instances the transverse swelling of the 
wood fractured tbe iron plates. Although this "mixed constitution" 
failed to meet the requirements then, the combination is now bette,r 
understood. 
The first intention of the application of iron-of the ]}arp-sbaped 
metallic ring-was not to enable the instrument to endure the constant 
strain of the strings. It .was supposed that the metal ,voul<1 expand 
and contract unifornlly ,,:ith them, in tbe severe changes of tl)is cli- 
mate, ana tbat in this manner the instrument "Tould remain longer in 
tune, although the actual pitch migbt vary. 
In 1837 the highly-skillful American maker, 1\11'. Jonas Chicker- 
ing, conceived the bold idea of constructing a fralne entirely of iron, 
and in the same year made his first square piano-forte in this way. 
In 1840 he produced the first grand })iano-forte \\Tith an entire iron 
frame all in one casting. By this renlarkablc invention the piano-forte 
gained in truth an "iron constitution," con1petent t.o bear the atmos- 
rheric changes of tbis climate, and to it all subscqu
nt successes are 
referred. 
It was a great achievement to obtain a frame capable of resist- 
ing tbe enormous strain of the strings, but this advance imperatively 
led to innumerable variations being made in v
riOLS details, for tbe 
attahnnent of an equilibrium, without ,vhich the promised gain coul<1 
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not have been fully realized. The softer tissues still l'pmained of 
wood of various kinds, and other such essential materials. With the 
acquisition of an iron frame or vertebra equal to the tensile strain of 
thirty tOllS without danger of fractures, came the telllptation to elll- 
ploy strings of greatel' thickness, with a tension of frolli cleven to six- 
teen tons. These strings, stretched as near as possible to the limit of 
elasticity, that they might give forth the lnost vigorous vibrations, 
required to be set in motion by blows from hanlmers specially adapted 
for the purpose. (Voices similarly strained on the highest notes 
within their compass also have the nlost bril]iant quality, as for in- 
stance the" G" of 1\11'. Santl
y and the chest" C" of Tamberlik.) 
Then, again, the increased powers of the instrument made greater de- 
mands on the sound-board. 
If we compare the vibrations of the violin, set up Ly the com- 
paratively gentle friction of the how, with those of a piano-forte 
sound-board, violently trembling in response to strong percussive 
accents, and the multitudinous and continuous vibrations of long, 
thick lnetallic strings, it is at once evident 'that they are of a more 
extraordinary nature. Great discrimination was used in the selec- 
tion of the wood from the spruce-trees of the Northern forests; many 
experinlents were made to discover which way the grain of the wood 
shQuld be disposed, and in what manner the sound-board should be 
compelled to receive and transmit impressions without fear of such 
derangelllents as should lead to a state of paralysis. To lnake it act 
most energetically the fibres were permanently compressed longitu- 
dinally, as in a vise, up to a certain point, sin1Ïlar to the strings, which, 
as we have just now seen, give forth tones of most satisfactory quality 
when stretched to the verge of breaking. There is a readily-found 
precise limit to this compression, after 'which the tones become lIard 
and thin in quality. The sound-board is now also slightly curyed, 
forced upward or made convex that it may resist the dOWIHvard press- 
ure of the bridge that holds the strings slightly elevated fron1 their 
level, to secure a conlplete and intimate communion for the transmis- 
sion of vibrations. It IS clear that, if, from any cause, a sound-board 
should become concave, or loose at any of the sides, serious conse- 
quences ,vonld ensue. Considerations such as these suffi('iently proye 
that the attainlnent of a perfect harmony among the parts, to resist 
successfully external influences, was no slight undertaking. 
The ...1.111erican piano-forte has, however, attained a constitution 
that will endure dryness, cold, and even furnace-beat, but succumbs 
to excessive dalnpness. A good instrument, dried to th
 utmost, 
rapi(lly aùsorb8 moisture. The well-fitted parts, having no room to 
swell, then become rigidly bound together, and thns the aetion is de- 
stroyed. It ,vonld therefore suffer if placed in a room having no sub- 
cellar, under which "
ater-courses might be fOl'med after rains. An 
inferior instrument made ,vith dall1p materials and kept daillp by 
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judicious sprinkling, ostensiùly to al1ay dust, might thus successful1y 
compete with a good instrument during an ordinary public exhibition, 
altboug
l it would soon prove ,vorthlef's. 
Varnish is now used for sound-boards and cases, both here and in 
England. . 
The constitution of the EngHsh })iano-forte enables it to lwar the 
English climate, in which tbe humidity is more uniform. 'Yhen 
brought here it breaks down. But even tbe American piano-forte can 
only to a certain extent bear the trials from climatal cbanges to ,vhich 
it is subjected, and for a very limited space of time in sonlC parts of 
the States, as, for instance, the ltocky 
IoÙlltains. If a good instrument, 
made ,vith n
ltiYe woods, seasoned for two years in the open air, and 
kiln-dried for three months at 130 0 FaIn., ùe renloyed in winter, while 
tbe thernlonleter is at zero, and placed in a heated concert-room, the 
sudùen rise in the tempernture, causing danlpness, ,,'o\tld affect the 
glue as well as the 'wood-'work, But when orgallic derangements are 
not caused, a host of minor ailments set in which impair and gradually 
de
tI.oy a piano-forte. The metals corrode, the strings break, the pins 
})olc1ing the wires relax their }}old, and t1JCn turn round (in inferior in- 
struments), the felt on the hanlnlers beconles worn, the dan)per actions 
rattle, the various centres loosen, the 11ammers (that deliyer tl}e blow 
before the key is fully do,vn, and then Ïlllmediately retire from the 
string, to al1o\v it to vibrate and take up 
uch a positioH as to deliver 
a nnmber of consecutive blows with rapidity) may act with irregu- 
larity, or wit}lout the requisite vigor, and ll10ths n)ay attack the felt 
and cloth. Although nlany of 
uch ailments yield to treatment, yet 
they are unn1Îstakable signs of general decay. In forming an estimate, 
however, of the longevity of a piano-forte, one should reflect on his 
growing- insuSCcl)tibility to sensuous inlpressions, and not institute 
comparisons with newer instruments of greatly-en113nced capabili. 
ties. It is well also to point out that sometin1es articles of furni- 
ture, free to vibratp, will do so in 
ympat hy with certain notes of the 
instrun1ent, aud tbus make a supposed defect. Articles, such as a 
stiletto in :l Inetal sheath, or a glass globe on a gasalier, are not 
readily detected in the act of responding. 
On comparing piano-fortes hy various lllakcrs it is ,veIl also to 
hear in Inind the f'pecial peculiaritie
 of each. The lllakers of tbe 
EraI'd piano desire to produce a brilliant, ringing eftect, and do not 
destroy the numerous , tinO"linO' overtones ,,'hic1) f'ucceed the cessation 

 0 
 
of their primaries. Sensitive artists, ,vho def'ire an achromatic quality, 
object to these, although they are intendf'd to add a kind of harmonic 
halo or lu
tre to tlH' general tone, which in a crowded drnwing-roolll 
might appear dull and lifeleF-s-'
;anting' in l'acliance and animation. 
The Broadwood lllakers strive for t]1e formation of a full, organ-like 
tone. The Collards arc succe
sfnl in ohtaining flute-like and liquid 
tones, which in the treble are remarkably sweet and dulcet. 'rhe Ger- 
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man piano-fortes are generally rough ana unfinished in mechanical 
dctails when compared with the French, although the tones are 
stronger. 
Yet neither bear comparison with those of Ame'l'ica. These 
also, among themselves, present marked characteristics. One maker 
prides hÏInself on the magnitude and po,ver of his instnllllents, and 
their fitness to be employed with the orchestra in large hans; another 
on the delicacy and extrenle purity of the tone, which hf\ deenls can 
only be attained fronl instrunlcllts intended for the drawing-rooDl or 
halls of llloderate size; a third may try to obtain a "travding-power," 
,vhich quality is so nlarkedly aeficicnt in many upright pianos and in 
free-reecl organs, as compared with grand piano-fortes and pipe-organs, 
that always sound better ,vhen at some distance. Great attention is 
a1 ways paid to the Inaterial and form of the hammer, 'wlâch is founa 
to produce the best tone when covered with soft felt, made of the ,vool 
of the Inerino sheep. This Saxony wool is ,vorkecl here by Gernlans. 
Great care is also paid to the spinning of the .covered wires, and the 
consi:.;tency of all the others to avoid defects that woulcllead to beats, 
and deceiye the tuner. 
l\Iueh experience and practical skill are required in the designing 
of the scales, or elaborate balancing of length, ,vl>ight, thiekness, 
material, and tension of tbe strings, to secure ul1iforrnity fronl bass 
to treble, while conforming to a given length of case, although the 
design may be planned in accordance with the mathematical the- 
ories of stretched strings. Then, again, the point where the blow 
is to be c1eli\Tered is carefully chosen, that objectionable nodes may 
be destroyed. For the sanle reason wedge-like dampers are em- 
ployed to check vibrations, and are made to act at a point where 
subsequent dissonant oyertones nlay ùe rendered impossible. For 
the want of tbis last precaution, an otherwise valuable upright 
piano-forte, by a prominent firm in Gertnany, ,vas pronounced a failure 
in London, Ron1C years ago. On striking anyone of tIle bass notes, 
and tlwn raising the key, after a short interval of silcllt'e, the harillonic 
se\rf'nth ,vas generated; and thiE was no ,veak, vanishing- tOIJe, but a 
strong, continuous sound resenlbling that of a TIulsical glass. 
On studying the detailed accounts of new patents for inlprove- 
Dlents-real or iInaginary-on cOlnparing tIle statenlCllt
 of rival 
Dlakers, or on being persi
tently contradicted by interested experts, 
one learns the difficulty of forming an opinion on points at iss.ue, hav- 
ing reference to the advant3ge
 gained hy alteration
 in the nlode of 
constructing piàno-fortes. It rlemands considerable special "kno,vlpdge 
e\'en to fully cOInprehend these points. One shoul<1 carefnl1y axoid 
expressing opinions that 111Íght tend to affect values, and be content 
"-Tith the reflection that the puhlic. at large is well enough informed to 
kno\v that only tbose firms po

e
sing the requisite capital, intelligence, 
and experience, can produce an intrinsically valuable instrument. 
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Cheaply-made piano-fortes are mostly sold to ignorant persons, liying 
far fron} the great centres of civilization. 
It will be founù interesting to notice some of the facts learned by 
those ,vho have conducted experiments in the hope of improying the 
piano-forte, for many of these are somewhat peculiar, and contrary to 
general anticipation. Tillts: Chladni's figures are not formed by sand 
strewed on the sounding-board; nor does the sand travel fron1 the 
point ,vhere the shocks or impulses are inlparted to this vibrating 
body, but collects at this very point, Il:unely, close to the bridge. 
"Again, no difficulty is experienced by "interference," ,vben two or 
three strings tuned in perfect unison vibrate side by Eide; nor from 
overstringiug the bass ,vires. The fitting together of trough and crest 
of sound-waves-tbe coincidence of the" swing" and tIle" 8wang," 
which cancels Loth, and forn1s the l1yperbo1ic curve of silence on the 
outer broad side of each prong of a tuning-fork, is a pheiIolnenon that 
does not appear in any portion of the scale. Nor does that which is 
tern1ed " sYlllpathy," that occurs when two organ-pipes stand too n<-'a1' 
each other, require consideration fronl the designer of a lJÏano-forte. 
The addition of a second string, far from destroying the vibrations of 
the first, or even interfering ,vith tIlem, more than doubles the power 
of the tone. A single string give
 forth a comparatively insignificant 
and feeble note. "Then three strings are used, the third does not add 
half as much again, a fourth string adds still less in proportion, and, 
judging from the quality of the tone I)l'oeluced, 
eems to require an 
entirely ne\v design. 
In the final adjustments of the piano-forte by men of extremely 
keen sensibilities, certain, defects, limitations, and peculiarities of the 
human ear, have been discovered that are noteworthy. The Greek 
architects ,veIl knew that long horizqntal lines, if straight, ,,"ould not 
appear to be straight when vie\ved from below?, and therefore in the 
Parthenon they executed exceedingly delicate curves. Tbeir colun1ns 
were not exactly cylindrical, and Juany similar and most suutile devia- 
tions from geometrical truth ,v
re enlployed that remain a
 eviùences 
of their consummate skill. In music, also, certain nuances-devia- 
tions froln rigid accuracy or matheluatical truth-are con
tantly n1acle 
by which tbe powers of true artists are manifested. 'These nlÌnute 
shades of difference-these slight variations or modifications of quality 
of tone, power of tone, pitch, speed, etc.-,vhen not exaggeratf'd, but 
detenniued with an art-concealing art, are found to be true to X atllre, 
and find their justification, not as exceptions to general rules, but as 
exelnplifications of the highest }Jrinciples. The refined I)crceptions 
of piano-forte finishers have led them to tbe faet that the highest 
notes of the instrtUllent should be tunèd slightly sharper than perfect, 
or each note ,viII appear to be flat, when cOlnpal'ed ,vith t}le octave 
l)elow. If these not
s are tuned perfectly, and proyed to be so by 
various tests, there still remain a secret dissatisfaction and conscious- 
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ness of a certain dullness, which dctracts so much from the good efi't>ct 
of the instrument as to lead 
ome persons to suppose it to Le one of 
inferior quality. The expedicnt, therefore, of slightly rai:Úng the pitch 
of about seventeen of the highe
t notes (when the -piano-forte i
 ex- 
tended to high C) is adopted, by which the instruments ga
n greatly 
in Lrilliancy, briskness, sprightliness, or whatever term Jllay fitly de- 
Bote the reverse of flatness and insipidity. Octaves tuned in the 
111Ïddle of the key-board are frequently deemed perfect when too 
small, and sonle few students of tuning are prone to accept as true, 
octaves that are too large in this region of the scale. 
But by far the 1l10St extraordinary fact, with reference to the final 
adjustment of the piano-forte, is tbe general acceptation of its particu- 
lar " teluperalnellt " for all instruments having twelve notes to each 
octave. 'V"hatever other telllperament 11lay be chosen for such in- 
stnunents, only one simple, natural diatonic scale can be properly 
rendered. 'Vith this arrangement, called the "equal temperalllent," 
not a single chord is correctly tuned. No intervals are lllac.1e abso- 
lutely perfect, but the ear has gradually been led to be content with 
theIll, when they approxinlate the truth in conformity with this par- 
ticular system. By the equal distribution of the nlany kinds of 
((potolnes, found on calculating intervals from the scale given by 
Katnre's super-harmonics, they are subsequently practically disre- 
garded-treated as non-existent-and thus elaborate modulatory har- 
m<?nies are rendered comparatively easy to construct; and the hu- 
man ear being less able to detect inlperfections in dissonances than 
in consonances, conlposers have gradually enlployed, with increasing 
freedolll, di
sonances of the most unusual aud startling kind. It 
\\rouldnot be strictly true to say that nlo<.h\rn ,vriters have neglected 
the sweet, cloying style-abounding in plea
ant-sonnàing phrases- 
because the absolute perfection of these ready-nlade, dissonant har- 
monies is more readily overlooked. The influences that have deter- 
n1Ïned the course of modern art can only be perceived from a psycbo- 
logic point of vie\v. "r e may, howevm', safely say that modern com- 
posers have not been deterred, but rather assisted, if not actually 
em holdened, Ly their enharmonic intervals being made freely inter- 
changeable, their far-fetched hanllonies easily found and little scru- 
tinized; and point out that the dynan1Ïc pO\\Ter of (1iscords increases 
their present value as artistic materials, no,v tllat fugal and similar 
forms, cOlllpelling progress, are more rarely used. 
The tC1upenunent of the piano-forte led directly to the entire re- 
lllodcling of the "king of instruments," the church-organ; but yet, 
llOt without cOllsideraLle strife. During the first thrC'c-quarters of 
the prcsent century this particular forlll of temperanlent was a nIat- 
tel' that greatly, eÀercised mathclnaticians, organ-1nlilders, nlusical 
l)uri
t
, clergynlen, and organists, in England, and bas only now be- 
come generally adopteJ in that country. The solid and highly-com. 
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pound tones of the organ, sustained with equal energy, caused the 
inl}Jerfections of the concords to be markedly apparent. They could 
not be ignored, as when occurring with tbe eyallescent tone of a 
piano-forte. The super-harrnonics, or sumlnation-tones, disagreeing 
with each other, developed, in common with difference-tones, a lllass 
of attendant dissonances, ,vhich even the employment of a double 
foundation (sixteen-feet manual stops) .and po'werful pedal-organ, etc., 
could barely hide. 
The Innsic of the Church was then as calm and free fronl passion 
as the sculptures of Pbidias; no exciting dissonances held the listener 
spellbound until they were resolved. The organ-builders, accord- 
ingly, produced instruments that ,yere solemn, sedate, serious and 
grave, forcible and IJowerful, without betraying passion or the flut- 
terings of private, personal emotion. To use this temperament "Tould 
be to destroy thesù features, ,vhich the piano.forte-makers did not 
desire to retain. They sought brilliancy and contrast for secular 
. requirenlents, and ,yere at once manifestly gainers by the F)'stenl ; 
,,'hile the organ-builders ,vere compelled to reflect very seriously on 
luatters of ritual and their o,vn reputations. 
To make this clear: Let the length of a stretched string be repre- 

ented by unity, and 
-' or lls the octave. Now, three rnajor-tlJin.1s 
are less than an octave; for t X ! X t.== T6.Ja. .Again, let 
 or l'éfjRr; 
represent the octave, alia it ,vill be seen thnt four minor-thirds are 
greater than an octa,;e; for t X t X t X t -: /22.{ 6. 
The contraction of the luinor-tbirc1s, therefore, by one-fourth of the 
ratio G25 to 648, caused. a further depression of the significant note in 
the minor-cbord, by 'which it became more gloomy and depressetl ; and 
the expansion of the eloquent nlajor-third by one-third. of the diesis, or 
ratio of 125 to 128, caused the expression of joy in the'major-chonl to 
be exaggerated or intensified, or even over-excited, when cOlnpared 
,vith the peaceful, contented, restful character of the pure harmony. 
These violent contrasts affected the quality of the tOlles, not indi- 
vidualIy, but when heard in f'onlbination. The general character of 
the tone-tint ,vas thus greatly modified. 
That the ear is much more sensitive to imperfection
 of inter\7al
 
with silnpler ratios is proved. by the uneasiness experienced while a 
violinist tunes his strings to the interval of a fift h (-
). Twelye such 
fifths exceed the octave hy an intervallH
ying the ratio of 521288 to 
531.444. Each Ruccessive fifth Iuust, therefore, be contracted one.. 
t\\re]fth of this inter,'al (or diascldsn
a), that the series nlay ùe Lonnd- 
eel by a perfect octave; and in this manner the tonal sy
teln of keys, 
which is in reality a sl()\
Tly-ascen(lil1g -infinite Rpiral, practically takes 
the forln of a circle. ThiH fact nlust be borne in mind if one .would 
satisfactorily account for nlany hnvR of art. The ideal purity 'which 
enraptures the creative arti
t is neyer realized; for all performances 
are marked hy the in1perfections attending hunlan efforts. 
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That a general conlpron1Ïse, or sacrifice of truth to convenience, 
lnust be nlade in instrtunents having t,vel \"e fixed tones to the octave, 
,viII be seen by a comparison of three Inost closely-related diatolli
 
scales, anù their respective proportions: 
G. A. B. C. D. 
240 213} 192 180 160 
G. Â. ß. C. D. 
240 216 192 180 H>O 
G. A. B.flat. C. D. 
240 21G 202t 180 162 


E. F-sbarp. G. 
144 128 120 
E. F. G. 

_44 135 120 
E. F. G. 
144 13;) 120 


C. D. E. F. 
360 320 288 270 
F. G. A. B.ftat. C. D. E. F. 
5-10 480 432 405 360 324 2S8 270 


It is clear to the lneanest comprehension that the sound" D," tbe 
second note of the scale of "C," differs from "D," the 
ixth note of 
the scale of " F ;" and also that the sound" A," the sixth note of the 
scale of "C," differs from "A," the second sound of tbe scale of 
" G ; " and sinÜlarly,. in the ratio of 80 to 81. 1 It is evident tbat any 


1 The relative speeds of the vibrations of each note of the diatonic scale are here 
given for the convenience of persons accustomed to calculate by their aid. 
2G-t 297 330 352 396 440 . 495 528 
The true diatonic scale may be represented in various ways, which may occasionally 
prove useful in measuring intervals, although the divisions are not exactly correct. 
S 1ch as- 


I 1. The Peripbery 
I of a Circl e. 

: : : : : . : : : : : : : : : : : : : : : : : : . : : I 
r 
r 
r 
A. . . 
 . . . . . . . . . . . . . . . . . . . . . . . 5-1: 4-'3 16 
G. . . . . . . . . . . . . . . . . . . . . . . . . . . Gl 10 11 
F. . . . . . . . . . . . . . . . . . . . . . . . . . . 3:3 31 11 
1-:. . . . . . . . , . . . . . . . . . .,. . . .. .. 54 43 16 
D........................... 611022 
C.. . . . . . . . . . . . . ... . . . . . . .. .. . . . . . . . . . . 
136õ;O;;-O;-
;-- --SO
1
 30 
 .OOOO 


ASCE
DI
G SCALE. 


2. 
53 Degrees. 


3. 
301 Degrees. 


4. 
730 Degrees. 


5. In :MeaD 
Semitones. 


10 
27 
16 
27 
10 
16 
27 


56 
153 
92 
153 
56 
92 
153 


1:3lì 
372 
222 
372 
186 
222 
372 


1.1173 
2.0391 
1.
:!40 
2.03!n 
1.1173 
1.

40 
2,0391 


But lhe logarithms of the ratios of the intervals are most generally used. The logarith- 
mic or equiangular spiral best illustrates to the eye the return of the octave, the curve 


being so dl'awn that a complete revolution halves the distance from the pole It is also 
valuable for other properties besides this geometric periodicity, representing a continu. 
ously-rising tcne. 
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note, say "D" on the piano-forte, w"hich has to do duty for all the 
yarious kinds of "D," as ,veIl as those of "C' double-shal]) " and" E 
double.flat," must be so attuned as to form a happy mean betwe
ll 
thenl. 
If, then, in the extrenlely simple case gÏ\ren aboye, drawn from 
the triune systenl of scales and chords, exemplified in the most insig- 
nificant compositions, one may be led to doubt and difficulty, it is easy 
to understand that violinists and others prefer to follo,v blind rules, 
leading theJn to make, for instance, all notes with sharps, higher than 
tbeir enharmonic equivalents in flats, and vice versa, in elaborate com- 
positions, that would involve calculations or extreme complexity; or, 
in such cases, to follow their own subjective feelings rather than seek 
justification by mathelnatical proofs, especially when }1erforruing 
alone their own parts, and thus not called upon to act in confonnity 
,vith others. In sucl
 cases, notes depressed, and having a do,,-rn,nuù 
tendency, are more depressed; and notes raised, "Thich are aspiring, 
are made more elevated. The interval C : G flat would therefore le 
contracted, and that of C : F sharp enlarged in the following (fre- 
quently-heard) expressions: 
G-fiat........ .F. F-sharp........ .G. 
C.. . . . . . . .". . . D-flat and C. . . . . . . . . . . . . . B. 


The" C" in the first progression is also virtually a rai
ec1 Dote, and 
the" C " in t
le seconc1 a depressed note, as may be seen by reference 
to the scales indicated by the terminating chords. The hnvs ,,'hich 
InnsicianR obey, eon
ciously or unconsciously, in the ordinary routine 
of composition and performance, are very fascinating, and "rill ere long 
be sy
tenHttized. 
rrhe three scales given aboye prove that the cllord of A-minor, 
formed witll two notes from the chord of C, differs in altitude ii'om 
the chord of .l\-minor fornled from the chord of the parallel A-nlajor, 
by c1epre
sing the third; and also that the nlinor-third fronl tIle sec- 
ond to the fourth note of a scale is snlaller than the renlaining Dlinor- 
thirds. The
e facts Seell1 to have escaped the attention of all writers 
on harnlony, ,vho hewiIder students '\vith elaborate arguments re
peet- 
ing thp so-caned" chord of the added sixth," that untlernlinc their 
own thcorips. 
llaving now drawn attention to the use of the piano-forte, its eyo- 
lution, longevity, ailments, et('., and compared it with the violin with 
reference to its vitality; having also shown sòme of the singular facts 
that are tIle common experience of piano-forte makers and tuners 
re
pectin.g the human ear, and the system of temperanlent, ,,
hich lms 
not heen a hinclerance to the course of modern art-let u
 now con- 
sider that remarkable phpnonlenon, the" peculiarity of the key," which 
relnains, or is acknowledgpd to remain, by most candia per!-'ons, even 
no\\-r that equal temperament is universal, and that the pitch has been 
grac1ually raised. 
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In the English translation of Bombet's "Life of Haydn" a list of 
the keys is given with their acknowledged characteristics appended. 
Thus: "D-flat major. Awfully òark. In this remote ley IIaydn and 
Beethoven have written their subliInest thoughts. They never entcr 
it but for tragic purposes." Again." A-flat luajor. The most lovely 
of the tribe. Unassuming, gentle, soft, delicate, and tender, having 
none of the pertness 'of A in sharps. Every author has been sensible 
of the charm of this key, and has reserved it for the expression of his 
nlost refined sentiments." And so on. Now, it was never supposed 
that the peculiarities of the keys could be confused with the peculiar- 
ities of the old modes, such as Dorian, Phrygian, etc., which led Dry- 
den to say, "Softly sweet in Lydian nlcasure;" for all these modes 
,vere designedly, mathematically, and markedly, dissiInilar. But it 
wa
 generally supposed that the" unequal tenlperament," which fa- 
vored sonle keys at the expense of others, led to the various, other- 
wise unaccountable, characteristics. These, howe,'er, have remained, 
singularlr enough, vdth the" equal tenlperalllent," by ,vhich system 
all the keys are equal-i. e., the ratios of their intervals are }Jrecisely 
similar. 
This peculiarity of the key is not to be confounded with other, 
accountable differences: such as induce composers to write in flat 
keys for military bands to attain the greatest brilliancy, and in sharp 
keys for orchestras for the same end. In these cases the greater 
nun1ber of open notes (nlore naturally and simply forIned tones), and 
other such known facts, lead to a clear understanding on this point. 
But in the piano-forte no such considerations can be Inade to account 
for the subtile phenomenon. It w'as once supposed that the ab
olute 
pitch employed was the cause of the difference; but sincp tbe tinle 
of IIaydn the pitch in all countries has risen to such an extent that 
the scale of A-flat characterized above has. become virtually the scale 
of A-natural, with ,vhich it was there compared; but no correspond- 
ing ,'ariation of opinion respecting it has been recorded, Ladies still 
COllll110nlf express a decided preference for flat keys, and probably tor 
this reason fashionable dra,,"ing-room music is gpnerally cast in four 
or fixe flats-although these keys may be also chosen partly because, 
according to the conformation of the hand and the diE:po
ition of the 
ivory l{(
ys, the chords with flats are more easily and readily con- 
trolled, especially ,vhen distributed in the arpeggio style, and have 
to be played with great speed, fi'ceelom, and facility. But the va- 
rious attcmpts nladc' to account /Satisfactorily for key - character 
on the piano -forte have hitherto only demonstrated that reason 
and unt1erstanding are incapable of fatholning and <'xplaining the 
lnatter. 
The piano-forte of tIle present aay is, as ,,"e haye seen, the re
.ult 
of many contributions. Posterity alonp can l)ronounce judgnlent npon 
it, and show in what it is deficient; for ,vho shall say what thc "piano- 
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forte of the future" 'v ill be? "T c ourselves complacently regard our 
age and its 'works, while anticipating the constaut progress of the hu- 
man race and it
 increasing ability to "reveal itself in tones." 


... 


SXORIXG, AKD HO'V TO STOP IT. 


By JOHN A. WYETH, 1\1. D. 


T o those unacquainted w"ith the mysterious parlance of the anat- 
Olllist, the use of btrictly scÌentifie terms luight prove discour- 
aging ana fail to intere
t.. I shall therefore di
card the sC-lentffic in 
favor of the every-day })hrases, in explanation of the followÍI1g figure 
(1), which, it will be obser'Ted, represents a human head sp]it from 
above do,,
nwara through tbe central line. 
Through the only two chauneb in which tI)e air travels in going to 
the lUl1g
, namely, through the nose and mouth, are drawn two arrows, 


FIG. 1. 


a and ò. These t,ro passages unite in a common cavity ath and from 
that point t11ere is hut Ol1f' tube leading to the lungs. 
.At c i:-- a hone called the liard palate, which forms the roof of the 
mouth and the floor of the nose, E<'pnrating these t,vo air-channels 
from <,ach other. At the inner or po!'t<,rior end of the ùon<" c, is 
('en 
a little body. d, called the 80ft palate, made of musc1e anù coycrcd 
1\?ith a delicate skin. This soft palate is att acheil at one end to c, the 
hard palatp; t he other end hangs loose,. and moves or flaps in the aet 
of breathing, son1<,thing like a windo,v-curtain ,vhen aC'ted upon by a 
current of air. Thifi is it s C'ondition while we are asleep or 
nvak<" 
though during f;lc.<,p it lacks in t(/nicity, 1)f'ing 111ucl1 n10re relaxed, or 
flabby, than ,,-hen ,,-e are a,vake. At e is rcprescntel1 the tongue. 
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Now, in order to snore, one n1ust keep the mouth open, as well 
as the nose, and in this condition the two currents of air, a and b, pass- 
ing in and out together during the acts of breathing, catch this little 
curtain, d, between them, and throw it into rapid vibration. This 
vibration, n10re or less intense and sonorous, is what we call snoring. 
It is only with the mouth open that snoring can be accomplished 
during sleep. Awake, if the nose is closed by the thumb and finger, 
by taking a forcible breath, it is possi_ble to snore, and the same 
result nuty be accomplished with the mouth shut and the nose open; 
but the muscular effort necessary to its accomplishment is more than 
\ve can command during sleep, and would wake up the individual \vho 
might unconsciously n1ake the effort. 
If the mouth be closed (the natural condition during slumber), but 
one current of air will pass to and from the lungs. This current, 
pressing about equally upon all sides of the canal indicated at a, will 
press the soft palate, d, forward and downwRl'd until it i8 applied to 
the tongue, e, and will hold it there gently, thus preventing any sono- 
rous vibration. 
It follows that any device which prevents the lower jaw from 
dropping down, during the relaxation of sleep, and opening the 
mou
h, will shut out the one unnatural current of air and prevent 
snorIng. 


FIG 2. 


I have devised the appa-ratus represented in Fig. 2, which consists 
of a simple cap, a, fitting the head snugly; a cap of soft material, b, 
fitting the chin; and a piece of el3.stic webbing, c, tacked to the chin- 
piece, and to the head-cap near tbe ears. The webbing can be made 
Inore or less tense as may be required to effect the closure of the 
lnouth. 
The apparatus is so simple that anyone can make it; and the 
writer hopes this explanation "rill recolnmend itself to those individ- 
uals who, frorn the possession of this unfortunate habit, are a nuisance 
to everybody-excepting themselves. 
't"OL. XI.-45 
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:MARS AND ITS SA TELLITES. 


By PROFESSOR DAKIEL KIRKWOOD. 


T HE recent and 'wholly unexpected discovery of two l\lartial 
satellites Las awakened a new and lively interest in all that 
relates to our neighboring planet. Its telescopic aspect and the 
probable nature of its physical constitution are especially worthy of 
rene\\red consideration. 
The mean distance of 1\1ars from the sun is 139,877,000 n1Ïles. 1 
Its orbit deviates more from the circular form than tllat of any other 
principal})lanet ,,'ith the exception of 1\lercury; its eccentricity being 
0.09326. The difference, therefore, between its greatest and least 
distance alnounts to about 27,000,000 miles. But the eccentricity, 
though' great, is nevertheless increasing; and, 'wl]en it shall bave 
attained its superior limit, the aphe1ion distance will be 196,000,000 
miles. This is greater than the perihelion distance of many as- 
teroids. :1\lars, therefore, occasionally invad{.s the cluster of minor 
planets. Is it not possible that his superior force may attach sonle 
of its Inemhers to his retinue of satellites? 
1\lars 'vas the first planet to exhibit indications of an axial revolu- 
tion. As early as .1636 Fontana, a Neapolitan astronomer, had an 
imperfect view of a spot on the planet's disk. He reobserved the 
same figure in 1638, and from the changes noticed in its position and 
aspect be inferred the probability of the planet's rotation. He seems, 
ho,vever, to have made no effort to determine its period. .Dr. Hooke, 
in 1666, noticed some well-defined spots, which he found to change 
their appearance on the surface, to disa}Jpear and return at regular 
intervals; ,vhence he inferred that the }llanet completes a rotation 
either in t,velve or twenty-four hours. During the same year Cassini 
observed spots on each hemisphere of the planet, from the nlotions 
of ,,"'hich he concluded the period of rotation to be 24 h 40 m . In 1704 
l\Iaraldi, the nephe,v a.nd pupil of Cassini, made a 
eries of observa- 
tions on the spots, from which he deduced a period of '24 h 39 m . In 
1719 he renewed his observations under favorable circumstances, and 
obtained a period precisely equal to that originally found by Cassini. 
In order to determine the exact period of rotation, Sir 'Yillianl Her- 
schel undertook a 8eries of observations in 1777, ,vhieb he again 
resum
d in 1779. From the changes which he obf'crved in the ap- 
pearances of the planet he fixed tl1e time of revolution at 24 h 39 m 
21.6,1. The determination by I{uno'wsky in 1821 gave 24 h 36 m 40 8 . 
The observations of Beer and l\lädler in 1830 indicated a period of 
24 h 37 m 10 1 . Their observations, however, in 1832, combined with 
! This value corresponds to a solar parallax of 8.88". 
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those of 1830, gave 24 h 37 m 23.7 1 . In regard to the exact period of 
rotation and the slight discrepancies between the results obtained by 
different observers, Prof. O. ::IH. :l\litchel remarks as follows: 


"In 1839 
Iãdler reviewed IIerschel's observations, whence llÏs first results 
were deduced, and discovered that, after introducing the necessary reduc- 
tions, the discrepancy of two minutes might be reduced to two seconds, by 
givin
 to Mars one more rotation on its axis, between the observations of 1777 
and 1779, than Herschel had employed. ' 
"By combining Mädler's observation, made at Berlin, 1830, September 14th, 
12 h 30 m , with one made at the Cincinnati Observatory, 1845, August 30th, 
8 h 55 m , making the corrections due to geocentric longitude, phase, and aberra- 
tion, I find the period of rotation to be 24 b 37 m 20.6", differing by only two 
seconds from. 
Iiidler's period as last corrected." 1 


Finally, Richard A. Proctor, Esq., by an exhaustive discussion of 
all the observations, has determined the period to be 24 b 37 m 22.735 8 . 
The diameter of ]\la1's is about 4,700 miles. Its surface is rather 
more than one-third that of the earth, while its volume is to that of 
our planet in the ratio of two to nine. 
The persevering labors of Beer and 1\Iäcller proved beyond ques- 
tion that many of the lineaments observed in the aspect of this planet 
are permanent in their character, and not merely atmospheric. The 
same spots, with the same general outlines, and the same v3rieties of 
color, ha\'e been noticed at successive oppositions; not ahyays, it is 
true, with precisely the san1e distinctness, but without any other 
changes than such as nlÌght be attributed to atmosplJeric variations. 
Two white circular spots are observed in the polar regions, which in- 
crease during the ,vinter, and decrease in the summer, of each hemi- 
sphere respectively, and which may, therefore, be regarded as polar 
snows. These spots w
re noticed by 1\Iaraldi as early as 1716; their 
connection, however, ,vith the change of seasons was first shown by 
Sir 'Villiam IIerschel. The same astronomer found the inclination of 
ihe axis of 1\lars to the plane of its orbit to be 61 0 18'. The 
lartial 
tropics are therefore 28 0 42' fron1 the equator, making the torrid zone 
10 0 'wider than that of the earth. In so far, then, as clillwtic changes 
are dependent on the obliquity of the planets, the seasons of 1\Ia1's 
may not differ, perhaps, 
xcept in their duration, very greatly from 
our own. 
THE SATELLITES OF 1\IARs.-"\V e come now to the 11Ïstory of one 
of the Inost interestÏ:Qg discoyeries of the nineteenth century. 'Vith 
the sing-Ie exception of our own moon, 
Iars is t1)e nlost favorably 
situated of all the heavenly bodies for telescopic observation. The 
most careful 
crutiny, however, for nlore than two centuries, })ad 
failed to furni
h any indication of the pxistence of a satellite. The 
opposition of )Ian; in .L\ugust, 1877, occurred when the planet was 
1 Sidel'eal .Jfts8enoer, p. 101, 



708 THE POPULAR SCIE.J..'lCE jIONTHLY. 


very near its perihelion. The body 'was, therefore, in the best possi- 
ble position for close examination. At the approach of this fayorable 
epoch the new twenty-six inch refractor of the Naval OLservatory at 
Washington, under the skillful direction of Prof. _\sapb IIall, was 
turned upon the planet. On the night of August 11th a sn1all star 
was observed near the disk of 
1ars, but its true character was not 
then suspected, or at least not determined. On Thursday night, the 
16tb, at 11 h. 42 m ., Pro:f. Hall again noticed a star of the thirteenth or 
fourteenth magnitude, very close to 1\lars, and measured its apparent 
distallce from the planet. On the same night, about two o'clock, he 
again examined the planet, and to his great surprise found that the 
small star had moved in company with 
Iars. He had tlwrefore dis- 
covered a .1JIartial satellite. On Friday morning the observations were 
submitted to Prof. Simon Newcomb, ,vho, from the data furnished by 
a watch of fh'e hours, calculated tbe time of revolution, ,,,hich he 
fixed as a first approximation at 31 or 32 hours. This sho,ved that 
the satellite must pass behind 1\lars some time during the following 
nigbt. It ,vas accordingly invisible when first looked for in the 
evening, but, as predicted by Newcomb, it reappeared about one 
o'clock. On Saturday morning the discovery ,vas made known to 
Admiral Rodgers, the superintendent of the observatory. It ,vas de- 
termined, however, to wait for another observation before formally 
announcing so important a discovery. On Saturday evening tbe 
satellite ,vas again found very nearly in its predicted place, and its 
exact position was measured hy se"veral astronomers. 
About four o'clock on the morning of August 18th Prof: Hall dis- 
covered a second satellite, interior to the orbit of the first, and of 
about the same apparent magnitude. The astronomers of Europe 
were officially notified of the facts by the following dispatch: 


u W A8B1NGTON, .Au oust 18,1877. 
Two satellites of 
Iars have been discovered by Hall at Washington. First, 
elongation west, August 18th, eleven hours, Washington time. Distance, eighty 
seconds; period, thirty hours. Distance of second, fifty seconds. 
" JOSEPH HENRY." 


The statement of fifty seconds as the distance of the' inner satel- 
lite was subsequently found to be quite erroneous. 
On 
Ionday, August 21st, Rear-Adn1Ïral Rodgers, superintendent 
of the observatory, communicated the discovery, together with Prot: 
N ewconlb's approximate circular elen1ents of the orbits, to the lIon. 
R. 'V. Thompson, Secretary of the N
\vy. 
DISTANCES FRO){ THE CEYTRE OF 1\IARs.- The di
tance of the in- 
ner satellite from the centre of the prin1ary is about 5,700 nlÍles; that 
of the outer, 14,200. The distnnce of t1](1 former from the surface of 
l\lars is but 3,300 miles-no greater, in fact, than that of London from 
New York. The apparent magnitude of 1\1ars as seen from this satel- 
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lite is 2,000 times greater than tbat of the sun or moon as seen from 
the earth. 
PERIODS OF THE SATELLITEs.-Prof. Newcomb gives 30 b and 14 m 
as tbe period of the outer satellite, and 
b and 38 m as that of the 
inner. Both move, like our moon, fronI west to east. The l)eriod of 
the inner is less, wh
le that of the outer is greater, t})an a 1\Iartial day. 
It is obvious, therefore, that, as seen from the surface of the planet, 
the appa.'rent motion of the satellites win be in opposite directions, 
the inner rising in the west and setting in the east; the outer rising 
in the east and setting in the west-so that the phenomenon of two 
moons meeting in mid-heaven will be to the l\Iartialists no unusual 
occurrence. 
THE l\IASS OF l\IARs.-Before the discovery of these satellites the 
determination of the lHass of 1\lars was a problem of great difficulty, 
the body being too small to have much effect in disturbing the mo- 
tions of other planets. The value assigned by Burckhardt was 
268
337 ' that of the sun being unity. The difficulty of the problem 
is now happily removed, and Newcomb has found from the elements 
of the exterior satellite a value of 

õ; a mass less than Burck- 
hardt's in the ratio of six to seven. 
THE BEARING OF THE DISCOVERY ON THE NEBULAR HYPOTHESIS.- 
The inner satellite of 
lars completes three orbital revolutions in less 
than a l\Iartia.1 day. This anomalous fact in the planetary system 
,vould seem, at first view, to be utterly inconsistent with the nebular 
hypothesis. The question is one of more than ordinary interest, but 
its discussion nlay ,veIl be deferred until we shall have obtained more 
exact information in regard to tbe 
Iartial system. 


... 


HUXLEY'S AMERICAN LECTURES. 


By PROFESSOR E. RAY LANKESTER. 


T IlE five addresses which have been recently brought out l)y Prof. 
Huxley in the form of a small volume 'were delivered under very 
varied conditions, and deal with subjects ".idely separate from one 
another. Three of them form a serieg of lecture
 on the doctrine of 
Evolution, and 'were dpliverea by the antl10r at N ew York in Septem- 
ber, last year. These were the only popular scientific lectures ,vhich 
Prof. Huxley would allow himself to undertake during his summer 
holiday devoted to a tour in the United States. The" Aòdress on 
University Education" was delivered at the formal opening of the 
Johns IIopkins University, at Baltimore, during the same visit. The 
concluding lecture of tbe present volume was delivered in connection 



710 THE POPULAR SCIENCE .JIO.lV"THLJr. 


with the Loan CoHection of Scientific Apparatus at South Kensington 
in Decelnber, last year, and dcals with the study of Biology. 
The range of topics thus indicated is wide enough to give us 
samplcs of all the moods of Prof. IIuxley's vigorous and eloquent 
style. As compared 'with his prcviously - published addresses and 
essays, ,ye find no diminution of power, no le
s artistic care in the 
arrangement of nlaterials, no less cogency of argument and stern in_ 
sistence on the appeal to facts rather than to a priori considerations, 
nor can "Te detcct any indication that as he grow.s older the author is 
more tin1Ïd in face of those" logical consequences" of his teaching- 
the bugbears of sonle, but tht, beacons of other, philosophers. Per- 
haps-and this is nlore especially noticeable in the lectures ('n Evolu- 
tion-there is less of that playful treatnlent of oJ}ponents and their 
transgressions-that sudden but gracefill discolnfiture of his adversary 
by the unexpected production of a quaint though close-fitting illustra- 
tion-'\vhich in former .writings gave a pungency and aronla to Prof. 
IIuxley's pages no less fascinating than peculiarly their o,vn. 
In the three lectures on Evolution, the history of Nature is maùe 
the subject of a closely-reasoned inquiry. Three current hypotheses 
-the Uniformitarian, the 1\liltonic, and the Evolutional-are recog- 
nized, and their respective claims to our acceptance discussed. The 
paleontological evidence in favor of the llypothesis of Evolution 
forms the subject of the second and third lectures, and with great 
skill the opportunity is used in orùer to bring before an America1l 
audience in the most forcible ,yay two yery inlportant and interesting 
American discoveries of recent date. Anlerica is, indeed, rapidly bc- 
coming the headquarters of" paleontological research. Prof. Huxley's 
own discoveries regarding the genealogical connection of -birds and 
reptiles form an Ï1nportant argunlent in favor of the hypothcsis of 
Evolution, and in ]Jlacing this argument before his audience he was 
able to explain to them at some length the interesting ne,v fossil birds 
obtained by Prof. 1\larsh, of Yale College, ii'om the cretaceous rocks 
of "..... estern .A.merica. The structure of two of these birds, IIespcr- 
ornis and Icthyornis, which possessed, unlike all other birds, distinct 
conical teeth hnbeclded in their jaws, is illustrat{.d by "roo?cuts in the 
printed lecture. Now that the principle lIas been ãdn1itted, "'e nlay 
hope to see an illustrated edition of some of the lectures 'which were 
issued in preceding volumes witllout ,,
oodcuts. 
The second AnH
rican discovery which is brought to bear on the 
hypothesis of Evolution, and forms, indeed, part of what Prof. IIux- 
ley calls the "demonstratiye evidence of Evolution," relates to the 
pedigree of the horse, and is also due to Prof. 1\1:1rsh. Strangely 
enough, America, which ,vithin the l1Ïstoric period is renlarkaùle for 
the absence of indigenous horses, and the fertility wjthin her borders 
of the wild-horses descended from domesticated ancestors of the Old 
'V orld, is even more renlarkable for having buried in her soil a greater 
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number and variety of fossil horses than any that the Old W orId can 
show. Eoltippus and Oroltippus from the American Eocene deposits, 
and JJIesoltippus from the Anlerican 
liocene deposits, are most im- 
portant links in the series (tbe later lllenlbers of which are Plioldppus, 
Hippaioio t, and .L'-lncltitheriu'J1z, found also in European Tertiary strata), 
connecting the living one-toed genus Equlls with a typically five-toed 
ancestor common to. it and other ungulate mammals. The structure 
of the feet and teeth of this series of forms, which furnish denlonstra- 
tive evidence of the evolution of the horse by progressive Illodification, 
is placed before the reader in its l11ain features with great clearness, 
and the description is notably assisted by a full-page woodeut. 
The choice of the term" l\liltonic " in place of any other for what 
is sometimes ternled the" l\Iosaic" account or hypothesis of creation, 
and the statement of the reasons which have led to that choice, are 
samples of a kind of serious jesting in .which Prof. Huxley shows infi- 
nite skill and delicacy. There is no doubt., he urges, as to )lilton's 
vie,y of the history of creation, as given in his great poem. On the 
other hand, were a ,vriter to call this the "Biblical doctrine," he 
"would be lllet by the authority pf many eminent scholars, to say 
nothing of TIlen of science, who at various times have absolutely 
denied that any such doctrine is to be found in Genesis." In fact, we 
are told by these authorities that the six days of Genesis are six 
periods that we may make just as long or as short as cOl1yenience re- 
quires. "A person," says Prof: IIuxley, "who is not a Hebrew 
scholar can only stand aside and adillire the marvelous flexibility of 
a language which admits of such diverse interpretations." The term 
"l\Iosaic," in reference to the same doctrine, Prof. Huxley also con- 
siders objectionable, because" ,ve are now assured upon the authority 
of the highest critics, and even of dignitaries of the Church, that 
there is no evidence that 
Ioses wrote the book of Genesis, or kne\v 
anything about it." 
" You will understand," he says, " that I give no judgment-it would be :m im- 
pertinence upon my part to volunteer even a suggestion-upon such ß subject. 
But that being the state of opinion among scholars and t1le clergy, it is well for 
the unlearned in Hebrew lore, and for the laity, to avoid entangling themselves 
in such a vexed qnestion. Happily, Milton leaves us no excuse for doubting 
what he means, and I shall therefore be safe in speaking of the opinion in ques- 
tion as the Miltonic hypothesis." 


The Baltimore address gives us a sketch of the writer's ideal of 
prilnary education, of university education, and especially of medical 
education-ho\y to enconrage research, and how hest to fill vacancies 
in a professoriate. lIe does not hold the vi(1w tJlat "you can go into 
the Inarket and buy research, an
l that supply will follo\v demand, as 
in the onlinary course of commerce." IIis conviction is tJUlt "the 
best investigators are usually those who have also the re
ponsibilities' 
of instruction." Very valuable for other universities than that OL 
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Baltimore are Prof. Huxley's few words of advice on "buildings." 
" Get an honest bricklayer, and make him build you just such rOOIns 
as you really want, leaving ample space for extension." 'Vhen 
" you have endowed all the professors you need, and built all the laboratories 
that are wanted, and have the best museum and the finest library that can be 
imagined; then, if you have a few hundred thousand dollars you don't know 
what to do with, send for an architect, and tell hiIn to put up a façade. If 
American is similar to English experience, any other course win probably lead 
you into having some stately structure, good for your architect's fame, but not 
in the least what you want." 


The South l(ensington lecture contains some strong })leading for 
the study of Biology, as a subject of deep importance to the com- 
munity. AInong other illustrations of its importance it is urged that 
thereby alone are men able to form something like a rat.ional concpp- 
tion of \vhat constitutes valuable criticism of the tpachings of biolo- 
gists. "Brilliant articles" are frum tinle to time written by " paper- 
philosophers" devoid of even the elements of biological know ledge, 
and the teachings of biologists are demolished, ,vhile the weather- 
cock heads among us are, Prof. Huxley tells us, much exercised by the 
"winds of doctrine" let .loose in the said articles. Turning, however, 
to bis favorite storehouse of metaphor, be finds tbat the brilliancy of 
the writers" is like the light given out by the crackling of thorns 
under a pot, of which Solomon speaks." Solonlon makes use of the 
in1age for purposes of comparison, but Prof. Huxley politely abstains 
fronI proceeding further into detail. 
The study of Biology \vhich is here advocated is practical study 
of the actual phenomena presented by plants and animals. 


"Nobody win ever know anything about biology, except in a dilettante' paper- 
philosopher' way, who contents himself with reading books on botany, zoölogy, 
and the like; and the reason of this is simple and easy to understand. It is that 
an language is merely symbolical of the things of which it treats; the more 
complicated the things, the Inore bare is the symbol, find the more its verbal 
definition requires to be supplemented by the information derived directly from 
the handling', and the seeing, and the touching, of the thing symbolized-that is 
reany what is at the bottom of the whole matter. . . . -You may read any 
quantity of books, and you may be almost as ignorant as you were at starting, 
if you don't have, at the back of. your minds, the clumge for words in definite 
images which can only be acquired through the operation of your observing 
faculties on the phenomena of Nature." 


The rationale of the demand for practical teaching in all branches of 
science-a demand to which it is exc
edingly difficult to get those 
who have the direction of educational institutions in this country to 
accede-has never been f'tated with more simple force than in the 
above extract. 
Like all his writings, this last volume by Prof. Huxley presents 
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hin1 to us in the aspect of a sure-footed resolute guide who, with a 
firm hand, takes us up an endless variety of the peaks of social 3nd 
scientific problems, hard to be scaled. lIe brings his reader skillfully 
up to the sUlumit, explains the prospect, and carefully deposits hinl 
again in his proper place. There are few excursions, ,vhere a little 
exertion is needful, so exhilarating and profitable, so much to be ree- 
omlnended to the traveler among questions of the day, as those 
which are accessible through the good offices of Prof. Huxley.- 
The Academy. 


... 


SPECI
IENS OF EDUCA'"frONAL LITERATURE. 


By F. W. CLARKE. 


A l\lERICA is unquestionably preëminent in educat.ional matters. 
It has more schools and a greater varièty of schools than any 
other country on the face of the earth. Some of these schools aloe 
extremely remarkable. You cannot J11atch them elsewhere. They 
thrive only upon the freest Hoil, untrammeled by effete convention- 
alities. Throughout the West and South they spring up abundantly, 
as if in proportion to the fertility of the land. The N e,v England and 
l\Iiddle States are too much tied down to routine and tradition to 
produce such rare developments of the intellect. Such schools deserve 
to be -more widely kno,vn and more generally appreciated. 'Ve pro- 
pose to help sorne of them to a broader fanle, by printing a few 
extracts from their circulars and catalogues. 
First in order let us take some clippings from a little pamphlet 
issued by a school in Faribault, l\linnesota. This circular is remarkahle 
for its clear expression of views upon a variety of educational topics, 
and for the suggestions it offers concerning real school discipline. 
Here are a few of the wise regulations: 
"Scholars with any contagious trouble or disease are not allowed in tbe 
school till cleaned, or till their disease is beyond danger. 
" If a snow-storm is up, the teacher takes the privilege to dismiss the scbool 
earlier in the afternoon than it otherwise would have been. 
"It is not allowed to scholars to jump on to or hang to teams except on the 
way to or from school, and then only with the permission of the driver. 
"Anything belonging to the school-house or to the scholars, broken, torn, or 
damaged, must be paid or restored by the scholar or scholars who have done 
it, as well as by those who were flccessory to it. 
"'Vhere a punishment is in order it win be applied whether a scholar"s parent 
or any visitors are present or not." 


And so on for about twelve pnges. The remarkably concise and 
exact wording of these va]uable rules must attract the attention of 
every teacher. The circular closes ,vith a four-page essay upon" The 
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Affairs of Education," from which a fc,v slips lllay be culled. The 
author holds that it is very unwise to be "lehient, indulgent, un con. 
cerned; or superficial, in school-keeping," and considers it extrcnlely 
,vrong to resort to "a tåJse show of lllunasticated, unpreparcd, unfit, 
and undigested accumulation of stuff and Iuaterial, producing ncitlJer 
educational bone, or n1uscle, or nerve, and crammed in, drumnlcd in, 
or infused, as with a funnel, in a hurry, or in the worry and flurry of 
an unquiet, unconcerted school." 
'Vho, understanding this, can doubt it? Or who can doubt. that 
the confidence of the pupils in the teacher" I'curlers them lllore 3!)t 
to conceive how much they are bound in gratitude to parents and 
teacher, and to get aware of the depth of the contrast and abyss of 
their real course and nature of action and that what it should be, and 
thus makes them more studious to be grateful and to advance their 
own interests as scholars? " 
The teacher of this school, like most other Germans, believes in 
systematic thoroughness. "But," says he, " this does not mean that 
in the system that promotes perception, thorough thinking and rea- 
soning, understanding, melnory, self-reliance, deceitless ennobling en- 
lightenment, and well-digesting progress, a scholar gets along slowly 
over the ground or through the books; on the contrary, while it ex- 
cludes headway on the skip and jump, as each point is completely 
learned and mastered, it makes the next depending on this so much 
easier and more quickly grasped, and in a short time, what puzzles 
and discourages others, becomes tö him the greatest delight; and thus 
he progresses from point to point, from page to page, from combining 
to combining the known ,vith the unknown, the fornu'r unlocking and 
eXplaining the latter, and so he moves faster and faster,-Ieaving tbe 
half-tutored, unsteady fustians far back in the distance." 
The last citation ,vhich I shall make from this document might be 
construed into a rap at myself: 
" It would be malicious folly without self-respect, to detach parts of this cir- 
cular fronl their dependent connection with others that explain their spirit and 
application, and then to pervert their true construction; hence it is not intended 
for such persons," etc. 


On second thoughts, however, this l)assnge can refer only to those 
who have criticised the school and made light of its methods. " Let 
the galled jade wince, our withers are nn"Trung." 'Ve can only 
express our adn1iration for such an extraordinary" ,v('l1 of English 
undefi]ed," and for the profundity of the ideas contained in it. 
Another school of peculiar interest is the l\Iars Hill Academy, near 
Florence, Alabama. The" permanent circular" of this institution, 
now before Ine, bears date 1872, anà contains lllany points worthy of 
quotation. The merits of the school are wen empbasized by tI)e fol- 
lowing paragraph: 
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"J. M. Cunningham, of llamburg, Tennessee, boarded one son and tzro 
daughters at the Institution ùuring the first ses
ion. During the second ses
ion 
he boarùeù one son and four daughters there. He seemed to regret his inability 
to òo more for the school, but considered little Emma,' the baby, rather too 
small to send to a boarding-school. lIe thinks, however, that the school is a 
good one, and deems it the duty of those who are blessed with more children 
than himself, to lend a m,ore helping hand. lIe is a man whose judgement and 
patronage are both valuable." 


rrhi
 renutrkably italicized passage shows at once that 1\1:1rs Hill 
Academy belie,res in the coeducation of the sexes. In another portion 
of the circular, however, we learn that, although the boys and girls are 
frequently brought into the presence of each other, the strictest care 
is taken" that a11 observe a proper distance." Furthermore, every 
pupil sign::; an elaborate pledge never to "seek or accept a private or 
secret conversation or correspondence with any pupil of the opposite 
sex from my own, and that I will never receive a proposition for such 
correspondence or conversation, or 3nything tending tbereto
 ,vitbout 
immediately comn1Ïtting the same to the principal," and so forth, and 
so forth, and so on. Thus 'we see that coeducation, at least in this 
school, can hardly be considered dangerous. The morality of the 
scholars is also advanced by a Scriptural exercise of an hour in length 
every morning before breakfast. Here is a part of the result: 
" At our last examination we examined the Bible class before the public for one 
hour without one unsatisfactory answer being given, and might have continued the 
examination with honor to all the n1em bel's for fou-r hour8. They could tell with 
ease the number of books in the old Bible; the Dumer of books in the New Testa- 
ment; the number of chapters in each; the number of ch:tpters written by 
various writers; tIle name and order of every book in the entire Bible,. the num- 
ber of chapters in every book in the entire Bible; the origin and meaning of 
the names of the books; the hi8t01'Y of tlte c-reation in detail; the history of the 
first family,. the history of the flood ,. the history of Abraham, Isaac, Jacob, 
the twelve patriarchs, etc.; the history of the Egyptian bondage and deliverance; 
the number and order of the plagues of Egypt; the history of Sodom and Go- 
morrah; the beautiful, thriJIing, story of the Cross, etc." 


But the crowning glory of the schoo] is to be found in the certifi- 
cate giyen to every studen.t at the end of his or her course. It is 
described thus: 


"To every pupil, great and small, will be presented a VERY ELEGA
T CER- 
TIFICATE, containing a concise statement of the progress of the pupil, with the 
name, State, county, and post-office, of the same. These ccrtificates are very 
beautiful; they are beautifully printed in four colors. In the centre is a rep- 
resentation of the earth, showing the equator, tropics, and polar circleR. .Around 
the horizon of the northern hemisphere is printed in green. 'Blessed are thev 
that do His commåndments, that they may Imve rif!'ht to the tree of life, nnd 
may entcr in through the gates into the city,' The southern hemisphere is 
bouT.ded by-' Fear God, and keep His commandments, for this is t1le whole 
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duty of man.' Within this circle is beautifully arranged the following certifi- 
cate : 
" 'This is to certify that M-, of - county, -, a good, kind, obedient, 
moral, studious, courteous, worthy, and honorable pupil of 
Iars Hill Academy, 
near Florence, Alabama, has attained a high degree of proficiency in , 
anù is hereby recommended to the public as eminently worthy the confidence 
and esteem of every member of any community in which h-Iot may e'er be 
cast, if future life does not corrupt h-.' 
"This is surrounded by four hearts, two in red and two in green, and eight 
beautiful, appropriate illustrations. The words Faith, Hope, Charity, and Heav- 
en, are printed in green and reù within the hearts, in Greek, Latin, and English. 
Surrounding the heart on the north is the motto, 'Labor conquers all things,' in 
three languages. The name of the Institution on the south in three languages. 
In large and beautiful variegated characters the name and 10c2.tion of the In- 
stitution appear on the top and bottom of the certificate. All the space not 
otherwise fill
d is occupied by most beautiful and appropriate passages of 
Scripture. The whole is surrounded by a neat border, ends with the benedic- 
tion of the Principal, and will be presented to each and every pupil, elegantly 
framed, so that it may be worthy of a conspicuous place in the most fashion- 
able parlor. Size of frame, sixteen by eighteen inches." 


Who, after reading this, does not long to possess just such a cer- 
tificate? 
All things considered, the most remarkable specimen of educa- 
tionalliterature yet issued is the catalogue of N eophogen College, at 
Gallatin, Tennessee. This catalogue has no rh'al: it can never be 
excelled, and probably will never be equaled. It l)egins with a map 
of Sumner County, ,vherein the college is situated. Then come four 
woodcuts reprpsenting "honor-students," young gentlemen, a like- 
ness of the college-president, John 1\1. 'Val ton, LL. D., and then four 
more effigies of " honor-students," young ladies. These ,voodcuts are 
unique. The next feature of interest in this pamphlet is the page 
devoted to the Faculty. Here the predominating name is "\Valton ; 
it occurs no less than five times, although apparently but three indi- 
via ual Waltons are indicated. ThE1re are also a nUluber of blanks 
indicating vacant profe
sorships, not waiting, of course, for endo"\\r- 
ments, but for men of sufficient ability to fill them. 
mong thes
 
blanks we find the title of " Profe
sor and 
Iaster, School of Phrenol- 
ogy, Physiognomy, and Hygiene." 'Vhat a pity that so iml)ortant a 
chair should be empty! But we find some compensation for this 
misfortune 'when we see near the bottom of the list the name of an 
estimable lady inserted as "l\Iistress of Cuisine and I-Iygiene." 
After a long (and to the general reader uninteresting) list of 
students, with their marks for "ap.plication," "punctuality," and 
" deportment" appended, "re come to a fe,v pages of text. I-Iere ".C 
learn much of the character and position of N eophogen. We are 
informed, for example, tlutt it is a " National University," being 
"centrally located bet,,"een the North and the South, the East and 



SPECIJlIENS OF EDUCATIONAL LITERATURE. 717 


- '" -,'........'

\\I 
, '\I. \ 
II 1 tt .b
1 


/
 
l 
) L .,
\\: Ir
1 
,.
 '- 
;, '- '

 " ' \ '11
 
. .: '. \
'--- ,",' 


, 

 :;
.: .
/:" 'v, ï 
?f
 
f;' -\ 1,./', 
 r; 
"
 
.
 /::';: ':';"
_,lr 
 

 
W' 'I '{;'
?t,

 1 ';\":ì"\1ì
'';1'1 I ;- 
 
 

. 
 '\1.
, :t
I\\ - t: 
 

 
 

- :
J.' I J1
 n
 A 'l/. 


 /", "'!i
' 
 
':< - / 
 

 ?.. 
'.' III - 
d Þ. 

 }
" I ":" 
''> 
 

 "
I < '. )..:,.
 /' // 
r . .:>
-;h>
 / 
, :' ....
'/l: f. .
:il

\\\\\

.: 

. // ; 
,", Æ 
.fÆ,,' 'I rJ ,..-:--

,'...... "" 
 
':
.i",- ;t\;j/I/ -:?,:::i

ì\
' .", -,- 
. 
, ,..
ifjfi. 
 
 I .-::''''. ....'... . ... .. 
" o. 0<1'" 
Ø
I1f
,í!."
" 
,jj ........:..;.:.:.
..._.....:... .

...'"':.
.. 
", ," 
'

'
"';,,!.:"
\" 1. 
 \\";,'
,.a.''''...'''''.''''''''''J'7..
;,?r:::.: 
::
: . !
!!!ifiJlr.
 : I Ð . 7 .f::,}g:"!f:.
:JYj.:
T

;?1i--: 
......,.. .. 
:
,J1I1!,.,;,t'

;;;;:
 
 I / ...\"..".,................,.......,...-.. 
.
::.::::,
f!!l{ffÆ!f \ I, ,I" I 
 }

:

i


{/:;
:i


ii!
h 
'-' 


;d""1o:', II I 
 .ø ':.
......
..',...
...'I......'.,...
 , 
""i'!fl:

. .1 / ' II:; :[
l#tr
l
'fJtf 
;::';:;
. 
 
 , 0 f; ltll III :/;'."",.., "0 ...>,"'".... , 

 1f{:;" 
' I 'i ' / ' J , / IIII :l
,ßE
???

'ß


7rfi:
" 
,,'" 
 
 I " I 
I :.
:;;
:i:::.
.:;

.
. I, 
, '\
 I I 'i k. 
 1/ 7. 
'-..:I"'::
 ....
 - 
1. 1 ' 
/ Æ:::

:
::l
'.
:...':- 
I, //
':
 . 


"" 


,'. 


PRESIDENT OF NEOPHOGEN COLLEGE.-{From the Catalogue.) 


the 'Vest." Besides," it is within a few hours' ride of Epperson, 
Red, Castalian, or Tyree Springs. Any kind of mineral water can be 
had at the College, if desired." 
But piecemeal quoting is useless; we need a longer sample of this 
descriptive part of the catalogue. Let us take a page at once, \vith 
all its headings: 
"THE Two CUl\fBERLANDS, 
with banks and crests adorned by the noblest monarchs of tbe forest, and em- 
bracing the lovely valley between, make the land of the poet's dream and the 
home of the artist's heart. 


"HEALTH AND WEALTII 
are here combined with 3,500 citizens, who cannot be surpassed for intelligence 
and refinement. 


" No PARALLEL 
can be found (estimating the population) to the ten first-class turnpikes leading 
into this little city of enterprise. These fine roads are valuabl
 auxiliaries to 
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BONOR-STUDENTS OF NEOpnOGEN COLLEGE.-(From tlte Catalogue.) 
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the school, for they can be maòe to contribute to the health and pleasure of 
both the students and the faculty. 


"TIlE SCE
ERY 
is most beautiful and romantic. In a single glance, from a central point, the 
eye surveys an ellipse, the circumference of which is 150 miles; and 'out- 
stretching in loveliness '-the lawn, the woodland, the nleadow, the town spread 
out beneath, the gushirig rills, the flowing rivers, the farm-houses scattered 
here and there, the rugged cliffs-aU make up a landscape which is at once 
picturesque and sublime. The future home of Neophogen was not selected 
without canvassing the advantages and inducements offered at all the most 
noted points in our country. 


"TIlE Co
nn)NITY. 


We claim for the citizens of GaUatin and vicinity that true virtue and magna- 
nimity found alone in the most refined society. 
"Here, identity is lost in public spirit. Here, a studious observance of the 
rights of others is ever manifested. Here, the principles fostered by those noble 
old pioneers are infused into the minds of their succes
ors. 
" Here are the descendants of those worthy spirits-the Winchesters, Trous- 
dales, J acksons, Peytons, 'V ynnes, Halls, Guiìds, Turners, Barrys, Heads, Black- 
mores, Lauderdales, Bledsoes, Babers, Allens, Bennets, Blounts, Elliotts, Odoms, 
Dismukes, Blythes, Millers, Donelsons, Williamses, Boyerses, Bates, Mont- 
gomerys, Smiths, Duffys, Boddies, Glovers, Alexanders, 1\T alton::;, Kirkpatricks, 
Deshas, Blues, Winstons, Tomkinses, Houses, Hallums, Rascoes, Bakers, Greens, 
Stuarts, Wilsons, Wallaces, Moores, J oyners, Buggs, Franklins, Cantrells, Loo- 
neys, Hassells, Harrises, 
Ialones, Pattersons, Parkers, Kings, Johnsons, Shutes, 
Guthries, Cottons, Branhams, Douglases, Bells, Tyrees, )fartins, McCoins, Harts, 
Cages, with many other names worthy of emulation, and the half is not told. 
""\VhiIe we studiously ignore the idea of aristocracy and nobility, our minds 
are pleasantly associated with dignity and purity." 


All this information is eviL1ently just what a careful parent would 
require. The healthiness of a college town, and the character of its 
people, must be important to every father having a child to educate. 
As for the qualifications of the professors, the following passage is 
sufficiently suggestive: 
" What is the duty of many. is generally neglected by all. Here is continued 
and special stimulus to president and professors; here are no easy and assured 
positions, with fixed and positiv:e salaries, but they depend upon the patronage, 
prosperity, and reputation of the institution. That this should be so, is too ob- 
vious for comment. A very little knowledge of human nature is neces
ary to 
see why. To each teacher it is plain, the greater the labor, tne greater the 
reward. " 


, This passage is also instructive: "Learned men .who have failed 
in business are tendered every induccment to take a life-]}ome here. 
"r e intenLl to take the most active rJ1casnres, ana use every exertion, 
to raise a larp-e life-fund for the relief of unfortunate literary 111eD. 

 . 
Let them have homes, and the society of congenial spirits." 
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After the" curriculum," in "Thich many studies are laid do,vn with 
numerous text-books for each, comes a list of o})tional studies, with 
tbe extra prices affixed. Here ,ve find "music on harp" quoted at 
$30, and" comparative philology" at $7.50. Italian, French, Spanish, 
and German, are ten döllars each; so that comparative philology may 
be regarded as given at a wholesale price. Languages are so much 
cheaper in a bunch than they are singly. 
But the degrees given at N eophogen afford one of the most interest. 
ing items concerning the college. They are eighteen or twenty in num- 
ber, and among them Rome are of considerable novelty. For example: 
"A. 1tL will be given to any male, and M. A. to any female, who, after hav- 
ing received A. B., shall also graduate in penmanship and book-keeping, pho- 
nography and mnemotechny, comparative philology, and Anglo-Saxon, and in 
French, or German, or Spanish; and to a B. S., completing these same (preced- 
ing) additional or extra studies, tlle rlegree of M. S. (Master or Mistress of 
Science). 
"M. E. L. (Master or lIistress of English Langunge), to nny student gradu- 
ating in the schools of humanities, and of history anù moral science; and in 
common-school written arithmetic, elementary algebrn, geometry, and the trig- 
onometries and mensuration; in political economy and metaphysics; in pen- 
manship and book-keeping, phonography and mnemonics, comparative philology 
and Anglo.Saxon. 
" B. A. LL. (Bachelor (or Maid) of Ancient Languages). 
" B. M. LL. (Bachelor (or Maid) of Modern Languages). 
"B. M. (Bachelor (or Maid) of Music), to any graduate in music. 
"B. M. and D., in Music anù Drawing. 
"B. M. and D. and P., in 
Iusic and Drawing, and Painting. 
"B. F. A. (Bachelor (or Maid) of Fine Arts), to graduate in the three preced- 
ing, and also in wax-work." 


But mere quotations cannot do full justice to this extraordinary 
catalogue. I will, therefore, give only a very few nlore, quite hurriedly, 
and leave the reader to seek for fuller details in the original document. 
Under the head of "specialties" a variety of studies are given, Eng- 
lish, elocution, oratory, and typography, beiug made especial1y promi- 
nent. As for etiquette, this passage ,\Till speak for itself: 
"It is not a matter of choice, but compulsion. The course. of training iri 
etiquette is, in great part, original. It has been said that manners make the 
man 
 if not true, they at least cannot be neglected. Here it is the theory with 
continued practice. ',e think we have the politest students in America. The 
salutation, the bow, the courtesy, the word, the tone, the look, the inflection- 
vocal and physical; the attitude, the hand, the feet, the spine, and the eye, are 
all observed and studied, and the students daily exercised in them." 
Another passage of striking merit i'uns a
 follows: 
"What has brought discredit upon diplomas of this age? What so greatly 
reduced the respectability of the word graùuate in this age of nostrums and 
charlatanry? .Amwer. Silly parents, and incompetent and unscrupulous teachers. 
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.
 Parent') that are content to purc11ase the lab.í'led casket without the jewels; 
parents tJJat are in many cases deceived t1lemselves, and in other cases willing to 
deceive. Some reason thus: 'I have children, my children must be graduates, it 
is respectable.' Cræsus speaks, or intimates unmistakably, and it is done. 
There must be radical reforIll bere. Common, old-fashioned hOÐ.esty demands it. 
It must not be. The vital interests of our country cry aloud again:;t it. 
" We must steer aloof. from nlaking these pinchbeck "and galvanized scholars. 
This will be very pleasant to tbe eyes Q.f all honest, earnest, and competent 
tC<1chers. "\Ve are all presidents and professors these days; but we have an un- 
controllable fancy for those noble old words, 'teacher' and' scboo].' " 
The social in1portance of coeducation is sllown thus: 
"The young ladies and gentlemen are permitted, we may say required, to 
have interviews in the drawing-rooms twice in each month. The rdluing. 
elevating, amI stimulating effects of these evening associations, regulated by 
systenl and class rotation, must be seen to be appreciated." 


The Inoment we consider that the young ladies wear" green-calico 
dresses and ,v11ite aprons" for a school-uniform,' we cannot doubt the 
iInpressiveness of these iuterviews. Further on ,ve find that prizes 
are given at N eophogen for "neatness," "grace," "true Inoc1esty," 
and" etiquette;" and the names of the "fortunate ,vinners" are 
appended. The catalogue closes ,vith two pages of "opinions of the 
press." A single specimen will do to illustrate these: 
"The teachers of N eophogen College have the highest national reputation, 
both as teachers and authors. It is the cheapest college of the kind in the 
world, and is the best one fOl' the males and fenutles of the North and t11e South. 
It is located in a beautiful section of the State, which was selected with great 
care."-Repllblican Banner (NasklJille, Tenn.) 


These extracts sufficiently indicate the remarkable character of 
K eophogen. 'Vho, after reading them, can longer douòt that the 
South is in earnest in this great matter of education? Let the boast- 
flll educators of New England bow their heads, anel lulll1bly confess 
that they can never hope to parallel such schools as the ßlars Hill 
AcadCluy and Xeophogen College! 


. , . 


TIlE PSYCllO-PIIYSIOLOGICAL SCIEXCES. 


By JOSEPH RODES BUCIL:\.X
\K, :!\I. D. 
T IIERE has ever bcen, and prohably for anotl1er century there 
will continue to be, an "irrepressible conflict" bet wc<:n those 
whose conceptions of K ature arc Jimited hy sensation-,vho recognize 
no 
xistence but matter and Inotion, who trace all that exists to In a- 
terial causes alone-and a very different' clas
 of thinkers, ,vho trace 
VOL. XI.-46 
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causation beyond matter, ,vho discover causes that are not lnaterial 
(called spiritual), who believe that tbe Great First Cause (the Unknow- 
aùle of materialists) is an infinite spiritual power or basis of all thing
, 
and who recognize in man also a spiritual power of ,vhich tbey nre 
conscious, widely different fronl lllatter, partaking of the nature of the 
Divine, and, being a very positive entity-the greatest of all realities 
to us-tlestined, in accordance with the doctrine of tbe persistence of 
force, to a duration analogous to that of matter. 
To the materialist, who finds in Inatter " the promise and potency" 
of all things, there is no higher object of reverence and love than the 
examples of nlen and women ,vithin his reach; there is no future life 
to con1pensate for the wrongs and sufferings of this, the triumph of 
fraud, or the unnlerited agonies of disease and poverty; there is no 
ap}Jarent controlling purpose of benevolence or justice in the universe, 
but only a chance medley of strife, in which strong-handed selfishness 
is best rewarded, and ,vhen "111an dies as the dog dies" the account 
is closed, and the self-Ï111posed nlartyrdom of the loving hero appenrs 
a final loss and folly. 
To the spiritualist, the universe has a deeper meaning, a nobler 
destiny. The .wisdom of the Infinite, which is unutterably beyond his 
rt.ach, is a consoling reality, and the little play upon this theatre, the 
life-struggle of threescore and ten years, is out the beginning, the 
gestation and birth of a career corresponding to our noblest aspira- 
tions and onr faith in the Divine benevolence. 
j)lan has such immeasurable powers of adaptation that a strong 
1110ral nature may exist under the gloomiest views of nlaterialism 
(which natural1y tend to the pessimism of Scbopenhauer and Hart- 
Inann), and sustain itself by i
s constitutional energy and buoyancy; 
but there are millions to wholn lnaterialism teacbes the daily lesson 
that to " }Jut money in thy purse" is the cbief aim of life, and to riot 
in sensual pleasure on ill-gotten g3in, until the candle burns out, is 
the best ,visdom. 
The glow of hope, the removal of anxiety, the exaltation of happi- 
ness, the enlargement of sympathy and love, which thousands have 
experienced when they have passed from the clark nescience of ma- 
terialisnl to the brilliant certainties of spiritualisn1, alid learned HIe 
grandeur of hunlan destiny-whether the change has been effected by 
C1notional eloquence and historici1 argument in the bosom of the 
Church, or by scientific investigation and experimental inquiry in 
pneumatology, or by that direct perception of spiritual existence now 
enjoyed by n. few (and destined to be enjoyed by all when the lnlman 
race shall have attained maturity of deyelopment)-should satisfy 
any impartial t.hinker that the diffusion of spiritual knowledge is as 
noble and practical a form of philanthro})y as a good nlan can labor for. 
But, in la.boring for these ennobling truths, he encounters a strong 
resistance in the anÏ1nal nature of man, in the selfish an<::l depressing 
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character of our daily toils, and in the too great concentration of 
attention ul)on physical sciences, to the exclusion of those in ,vhich a 
psychic elcn{ent is fonnd. The study of phy
ical 
cicnce alone is 110 
b2tter preparation for psychic studies, which employ different facultic:5, 
than the study of the counting-house ledger or the supervision of a 
pork-house would be for the service of Parnassus. 
A recent publicatíon from Dr. Carpenter, embodying two lectures 
on psychic subjects (lnesmerism, spirîtua1ism, etc.), presents, in the 
l110st offensively exaggerated form, the l)ragmatic pretension of cer- 
tain physical scientists to take charge of psychic investigations ,vith 
an air of nlore than papal infallibility, and an emphatic notice to all 
the rest of lnankind, not only that they are incapable of such investi- 
gations, but that their opinions, their testimony, and even their oaths 
åre not entitled to clailn a feather's ,reight before the self-created tri- 
bunal of ,vhich Dr. Carpenter is the authoritative nlouth-l)iece. 
The magniloquent insolence of such a l)roclamation ,yould be 
amusing enough, even if ])1'. Carpenter ,vere, as he fancies biIuself, an 
expert of great skill; but when he is dealing w.ith a subject of ,yhich 
he kno,vs far less than thousands of the most enlightened people, far 
less than nIany men of science ,vho are his peers in intelligence and 
his superiors in candor and in philosophic habits of thought, his inso- 
lent assumptions of sUl)eriority and denial of their claims to veracity 
anél intelligence, ,vhenever in conflict with his o,vn theories, are all 
tJ.lat his most unfriendly opponent could desire in order to deillon- 
strate his utter unfitness for the task which he has assulned. 
Passing by his ludicrous clailns to a boundless superiority over 
contmnporary scientists .who do not follo\v his lead, ,ve may ask 
,vhether he has any claims whatever to be recognized as an expert, 
,vhose opiniolls on these subjects have any especial value. Eluinence 
as a physiologist does not hnply enlÏnence or capacity as a psycholo- 
gist. It is true, physiology and psychology are coternlinous sciences; 
but until recently their cultivators bave kept as wide apart as the an- 
tipodes. Psychology has been prosecuted as if man never h.al a body 
(and ultra-psychologists do not adl11Ít that there is a human body or 
any other nlaterial existence whatever), while physiology has been 
cultivated in the same ultra spirit of nes('ience, as if man had no soul. 
So thoroughly does a feeblë or a narro'w nlincJ, in fixing its attention 
on one object, lose sight of everything else. Dr. Carpenter himself 
has expressly excluded the soul from the pale of Rcience, which is the 
next thing to excluding it from cognition, ana one of the lnost recent 
volumiilous and learned .A.meric:1n works on physiology excludes it 
entirely, and suùStitlltcs the physical action of the l>rain, as follows: 
" The l)rain is not, strictly speaking, the organ of the Inind, for this 
statel11ent woula huply that the n1Índ exists :1S a force, independently 
of the brain; but the Inind is proJllccd by the brain-substance" 
(Flint's" Physiology of 1\1an," N ery?us System, p. 327). 
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Thus physiologists generaBy regard nlind as purely phenomenal- 
as something holding the same relation to the brain as music to the 
yiolin, when the violin plays itself. If the relations of the brain to 
paralysis or to digestion are under consideration, such l)hysiologists 
lllay be recognized as experts; but when its relations to a soul of 
wJâch they kno,v nothing are under consideration, w"e may very prol)- 
erly say to then1, " 
-re sutor ultra cr(pida'JJ
." 
Of course, materialists cannot deny that mental plwnonzena exist, 
hut to them they are '!inlply the phenomena of matter. Dr. Carpen- 
ter mayeyen admit the existence of a soul beyond the pale of .science 
-a quidc1ity as distinct from the real soul as Spencer's "Unknow- 
aùle" is from any conception of a God. Practically Fpeaking, Dr. Car- 
penter is entirely in harmony ,vith other materialists. 

Ien of scientific culture, ,vho have spent a considerable portion of 
their lives in practical investigation and familiarity with thp facts of 
mesmerisn1, spiritualism, and other psycho-physiological sciences, are 
experts in the highest sense of that term, anù crrn but smile rrt t]w 
in,;olence of those who, never having made a successful experinlcnt on 
those joint operations of the soul and body "which constitute nles- 
meric, 
piritual, and other sciences, nevertheless c]aim, as Dr. Carpen- 
ter does, to be recognized as tile o1"acle in matters of which bis igno- 
rance is both l)itiable and ludicrous, having never, by his own confession, 
witnessed any of the innumerable facts demonstrating an extra-mate- 
rial agency, which, during the "Thole of the pl
esent century, have been 
accu111ulated and diffused in all civilized countries, and among tbeir 
forelnost thinkerb. IIis position is precisely t]}at of the principal Pro- 
fessor of Philosophy at Padua, who refused to look through Galileo's 
telescope, anc1 continn
ù to teach the old theories. Nay, far ,vorse: 
he not only refuses to see what is open to all men, but, as I-Iorkey wrote 
against G:llileo, w'hile refusing all fair investigation, and thus furnished 
an ex
unple to " point a moral" for posterity-an example of the 
po,ver of "dominant ideas" in a bigot-Dr. Carpenter repeats the 
same performance an1Ïc1 the higher enIigl}tenment of tbe present age, 
,vith a pf'rverRity and hostility of purpose which were neYf'r surpassed 
by the blind votaries of .A.ristotle. And as I-Iorkey det
cted the tric
 
in Gnlileo's telescope 'which made stars by reflected light, Dr. Car- 
penter too detects fallacips in the experiments of Prof. Crookes, whose 
temperate and candid reply })laces bim in even a "Torse position than 
that of l\Iartin IIorkey. (See -,-'Tineteenth Century for July.) 
In a question of the existence of certain fact
, tbe honest witness 
who, w"ithout prepo
session, investigates and follo,,""s up the facts 
wherever they are yisible, is competent to inRtruct ns; but he ,yho 
carefully avoids coming into close contact with tlw facts, and, 'while 
maintaining his mind in undisturbed ignorance, fensts npon seconc1
 
]}and gos
ip and stale calumnies, which he retails ,vith delight, is hard- 
ly entitled even to a nod of recognition among hone"t inquirers. 
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'Vhen I-Iome was in Euglana, anù gentlemen of uninIpeachahle ve- 
racityand superior intelligence saw him liftt'ù froln the floor by an 
entirely invisible power, why .would not Dr. Carp
nter witness such 
an occurrence? '''Then Slaùe was in England, of WhOlll gelltlelnen of 
intelligence say that when a pencil was placed betwet'll two clean 
slates fastened together, which were left in full vie,v of spectators in 
broad ùaylight lying' on the table, 11lessages ,vcre ,vrittéll on the in
 
side of the slates, of a highly intelligcnt and appropriate character, 
,vhy did Dr. Carpenter, if he posse
sed the sentiments of hOllor aud 
love of truth ,vhich rnankind gcncrally recognize as COllllllcudable, 
refuse to luake the si!.uple and brief investigation which ,vould have 
detern1Íned in an hour wllèther his theorics and his stale calulunies 
had any founùation or not? 
The truth is, Dr. Carpenter and luen of llÍ
 character care mainly 
for their own personal infallibility: they seek only the vinLlication of 
thcir own theories, pel' fas et nefas, and do not approach an experi- 
ll1ental test unless they are pern1Ïttecl to interfere anù dictate SOlne 
lllethoù of conducting experitnents to hinder or delay tlJeir progress. 
nut ,vhen a sinIplc experinlent is proposea ,vhich cannot be internlcd- 
dIed with, and which i
 con1pletely and forever decisive, such as the 
levitation of a table or a n1an to the ceiling, no one being in contact 
,vith the lifted object, or the })roduction of writing upon the interior 
of two clean slates which the inquirer brings himself, firIllly secured 
together, the pretentious dogn1atist is very careful to keep out of 
reach, no nlatter ho,v he filay be importuned or challenged. lIe gen- 
erally fortifies himself with a fe,v contemptuons phrases and a deter- 
mination to see nothing of the nlarvelous. 
The public that employs and patronizes men of science JUtS a right 
to expect froln thenl fidelity to truth and vigilance in seeking it-not 
cunning in evading or skill in calumniating true discoveries, followed 
by contenlptnous neglect ,vhen their claims have been demonstrated. 
Such is the course pursued by some towarù all c1iscoycries in which 
psychic po,vers are involved. There is a fossilized Jnatprialisln in 
Dlany minds, which has bcconle a matter of blind feeling, utterly irre- 
spective of facts or science, against which it is vain either to reason 
or to offcr facts. In the last resort the skeptic declares, " I wouldn't 
believe it if I saw it myself." 
Of this vicions state of feeling, Pl'oducing an incapacity to reason 
correctly on certain subjects, we need no better cxan1ple than Dr. 
Carpenter himself, as exhibited in this brocltu'ì'e of one huntlrcd and 
fifty-eight pages, the substance of ,vhich Iuay. be condensed into four 
propositions: 
1. lIistory exhibits a great deal of folly, superstition, and igno- 
rance, and a great nInny preposterons narratives of "....itchcraft and 
si11r luirac1es, attcsted by many ,vitnesses: tlw1'efu'I'e, in the present 
enlightened age, human testimony is of no value when it affirlllS any- 
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thing out of the usual course of Nature (as obseryecl by Dr. Carpen- 
ter), and the scientific 
estilnony of Profs. Crookes and 'Vallace (reën- 
forced by that of en1Ïnent men and ,vomen in Great Britain, France, 
Gernlany, Spain, Italy, and the United States, whose nun1bers and 
nloral and intellectual capacity ,yould outweigh any Royal Society or 
French Institute), is of no more value than the most fancifullnediæval 
legends of Catholic saints, 'which science does not condescend to notice. 
2. Some individuals can be brought by a proper operator into a 
,-raking meslneric condition of passive credulity and obedience to the 
yoice: therefo're .we should believe eve'rybody liable to this condition, 
and believe nothing that anybody tells us which is clifff'rent from the 
usual course of K ature, as .Dr. Carpenter 'Understa'llds it. 
3. The usual course of Nature under our o,vn ohseryation-we beg 
pardon, .Dr. Cal'pente r r's observation-?s all of 1.chich ..LVat'U?'e ?s capable, 
and no ne\v laws or agencies which Dr. Carpenter does not kno,v are 
to be expected or developed by investigation. 'Vhoever asserts that 
{lny such laws or agencies exist, is to be regarded as a liar or a victim 
of hallucination; and, in fact, the chief phenomena of mesmeriSl1l and 
spiritualism have been discoyered to be cheats. 
4. l\Icsmer advanced certain pr
posterous and unscientific preten.. 
sions; certain mesmeric. operators have nlade failures; and Dr. Car- 
penter affirn1s that he has sev
ral times failed to discover any clairyoy- 
ance in celebrated chliryoyants, and has detectf'd some pretenders to 
clairvoyance as impostors: therefore, mesmer
sm is a delusion. 
It is difficult to treat such a 111aSS of absurdity and mi
statement 
with the grayity and courtesy appropriate to scientific discussion. 
'''""hen a dogmatic adult insists on proving to us that the enrtl1 is en- 
tirely flat, he takes rank, as a first-class bore, with Dr. . Carpenter ; 
and tlfe only method of disposing effectively of such nuisances is 
that adopted by 1\11'. Alfred R. 'Yallace-a heavy ""agel' to be set- 
tled hy actual measurement of a portion of the eart11's surface. If 
Dr. Carpenter had courage enough to endure the .wager-tef't, he 
too might receive his q1tÏet'llS from 1\11'. 'VaHace. But there is no 
hope of that; the large reward offered in England, to anyone "1'110 
win produce certain spiritual phenolllena by physical nleans, ,,-in never 
be called for. 
The first proposition may pass for what it is ,,'orth. If t1lCre are 
any ,yho agree ,,,ith Dr. Carpenter in his assumption that the super- 
stitions tales of an iO'norant aO'e are as ,vorth y of credence as the 
o 0 
elaborate investigations of the most distinguished scientists-nlen 
.whose testinlony woulc1 ùe decisive in any court of justice wlwre life 
"Tas at stake-it is not ",,"orth ,,"hile to reason ,vith tlW?l1. The as- 
f'umption of Dr. Carpenter is slanderous against llÍs distinguished 
scientific opponents; but its extreme silliness renders it entirely harm- 
less to any but himself. The same argument would df'stroy the credi- 
bility of medical, surgical, and physiological works of to-dny, because 
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the medical records of former tiInes contain much that is absurd and 
incredible. 
The second proposition is but little better than t
le first. There is 
an unfortunate develoPlnent of brain ,vhich n1akes or marks the con- 
stitutional and incurable bigot, to whom bigotry is philosophy. The 
Italian philosophers who denounced Galileo, and the French physicians 
,vho laughed at Ilarve"y, ,vere as unsuspicious of their o,vn mental de- 
fects as Dr. Carpenter. Could anything but the blinding in1pulse of 
bigotry induce a man of great intelligence, age, aud experience, to 
confound possibility ,yith certainty in this ridiculous manner - to 
affirm that because certain individuals can be mesmerized in tht 
Aruerican n1anner, wide awake, but passive creatures of the operator's 
voice, therefore we should consider all 'fJwn liable to this condition, 
ane1 treat all testimony that contravenes onr opinions of the course of 
Nature as the testimony of helpless mesmeric subjects? By an exact 
parity of reasoning ,ve filay say certain individuals in every conl- 
ruunity have comn1Ïtted, or might commit, murder: therefore, ,vhen- 
eyer ,ve find anyone dead, and do not know ho,v he died, ,ve may as- 
sume that the men or women ,vho ,vere in his vicinity murdered him. 
But suppose Dr. Carpenter should witness a case of levitation, and 
haye the honesty to report what he saw, shall we then hold him to he 
either a meslnerized dupe or a confederate knave-which would he 
prefer to be called? Dr. Carpenter may be sincere, but he speaks 
quite reverentially of the Scriptures, although by his own declarations 
he must regard their miracles as shams which had neyer been exposed 
by a learned expert; and their spiritual phenomena, so analogous to 
those of the pre
wnt day, as base impostures. 
The third proposition, considered as a \\Tork of art" is an ingenious 
compound of eyil, on which his satanic majesty might smile in grim 
approbation. Dr. Carpenter's language is as follows: "1\ly conten- 
tion is, that where apparent departures from them [the laws of Nature] 
take place through human instrumentality, we are justified in assum- 
ing in the first instance either fra
tdulent deception, or unintentional 
self-deception, or both con1bined-until the absence of either shall 
have been proved by every conceivable test that the sagacity of 
skeptical experts can devise." 
As for hill1self, he affirms that he has" no other t1)eory to support 
than that of the w"ell-ascertained la,vs of Nature; " and further, that 
"it is quite legitimate for the inquirer to enter upon this study with 
that' prepossession' in :f.rtvor of the ascertained and universally-ad- 
mitted laws of Nature ,vhich believers in spiritualism 111ake it a 
reproach against men of science that they entertain." 
If this bo a true and honest statement of the case, there is no case 
in court for discussion: Dr. Carpenter is a philosopher, and the 
spiritualists are hopeless fools. By what muddled process of thought 
he could bring himself to nutke such a statelnent, we need not inquire. 
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There is not a scientific spiritua1ist wllo "Tonld Ðot repudiate the 
statement as calumnious. If the hn\"s of Nature can be yiolated, there 
is no absurdity or chÏ1nera ,vhich is not admissible; but, instead of 
believing this possible, 
piritualists are the foremost of all nlen in in- 
sisting on the universal inviolability of all the laws of Nature, ex- 
tending tlleh infrangible po\ver not only over all pl)ysical})l)enomenn, 
bnt throughout the equally extensiye psychic realnl (in spite of nIl 
nlCtaphysical speculations to the contrary)-al1 extension wbich Dr. 
Carpenter has not affirmed hinuself. 
Dr. Carpenter presuJnes that liberal thinkers must be at ".ar with 
the hnvs of N atnre, because he thinks those laws incompatible with 
the new l)henomena. The obfuscation of his nlind is the 
anle which 
bas characterized narro,v-minded bigots in all 8ges. The liarrow- 
n1Ïnded man cannot conceive t"yo ,v-idely-ditferent truths at once, and 
perceive their harmonies: he adopts onc with zeal, and rejects the 
other firmly, because he thinks them incompatible. N arro"T-minded 
nlen are of course bitter partisans, and the great majority of nlankind 
froln defective brains and irrational education see only one aspect of 
truth, and reject all others. 
Dr. Carpenter sees no truth in mesmerisnl, and Baron Dupotet sees 
no reliable truth in medicine; Hahnemann rejected the entire accumu- 
lations of allopathy, and the old school indignantly rejected IIahne- 
mann's discoveries as nonentities. A doctor who adlnillisters three- 
grain pills will not tolerate homæopathic pellets; and he ,vho bas dis- 
covered that infinitesimals "Till cure is often equal1y intolerant of the 
three-grain l)ills: and so they call each other quacks and impostort:, 
in the san1e spirit in ,vhich Dr. Carpenter assails those ".Lo see lllore of 
the truth than l)imself, and are equally interested in l)sychic a]1(l 
phy
ical facts. IIow long shall it be before tIle "survival of the 
fittest," or the in1provement of education, shall give us a generation 
"Tith brains enough to entertain t \VO ideas at once? 
The difficulty of Dr. Carpenter and all other narro,v-nlinded people 
lies in the poverty of their conceptions. They have no idea tl)at it is 
possible for Nature to sho.w her po.wers in any new way to ,,
hich they 
are unaccustolned. lIence, the ascent of a halloon sBen1ed miraculous 
to the ignorant peasants, "rho took it for the work of thè devil; and 
the formation of a solid block of ice fron1 water ,,"'as a similar viola- 
tion of Nature's laws to the Asiatic d
spot, who felt justified in treat- 
ing the trayeler as a liar ,vho told hhn of it. I-Iad Dr. Carpenter been 
his prime-minister, t}Je traveler might have fared ,vorse. 
There is no better e,"idence of philosophic imbecility than a senti- 
ment of the all-sufficiency of our present. meagre knowledge of K ature. 
The proposition of Dr. Carpenter that all ne,v, marvelous facts 81Ja11 be 
treated as impossibilities, and the witnesses ,vho, without any other 
motiye than the love of truth, attest them at the expen
e of their own 
popularity, s11all 1Je treated as ÏIupostors (,vbich n1eal1S, n1ade personally 
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infamous ana consigned to the mercies of antiquated laws), embodies 
all the impulses of stolid ignorance and malignity ,vhich have in past 
ages ,varred against science and iuno\Tation by prisons and by death- 
penalties. 
Every great discoverer introduces something to human knowledge 
different from the usual understanding of Nature, ancl is, therefore, 1y 
the Cürpcnterian l'uIe, a fit subject for persecution. The rigorous ap- 
plication of this principle ,voulc1 check progress by a "ar upon the 
greatest benefactors of Dlankind-those "Tho lead thcln into essentially 
new ideas of R ature. The rule is therefore thoroughly satanic in its 
Inoral aspect, while in its intellectual character it is thorou[Jltly stòlid, 
being a declaration of war against the increase of kno,vledge in certain 
directions forbidden by the bull of the materialistic pope. 
Considered as an appeal to tbat great tribunal, the public, this little 
yolume is an extraordinary piece of insolence-what ,vonla be called 
at any judicial tribunal a fla
rant contempt of court, entitling the ap- 
plicant to summary dismissal and punishment.. Dr. Carpenter Dot only 
pronounces the public, to whom his book is an appeal, incompetent to 
decide, virtually telling every reader that he has DO right to an opinion 
on what he has seen until Dr. Carpenter (or some one WhOlll he recog- 
nizes as a colleague) has told him ,vhat to think; but he assnmes, like 
a "border-ruffian," to expel every witness from court ",.ho testifies 
differently from himself. No matter ho,v pure the character, or ho,v 
I.ofty the intelligence, if they disagree with him they are falsifiers; but, 
as to all who agree, their testimony is valuable, no matter ho,v con- 
temptible its source. 
It is pitiahle to see a gentleman of Dr. Carpenter's stanl1ing repro- 
(iucing the obsolete trash ,yhich public intelligence had buried in 
oblivion. The toe-joint and knee-joint theory of rappings ,vas speedily 
exploded in Aillerica, and has scarcely been heard of for t","enty years. 
Rappings have occurred in thousands of families, irr spite of their in- 
credulity, and compelled them to recognize an invisible po"
er .which 
acts son1etimes ,vith force sufficient to break furniture, and to be heard 
at considerable distances. As Dr. Carpenter manifests a rernarkable 
ignorance of the progress and present status of spiritualism, it is 
probable he does not know that the joint-rapping certificate to which 
)lrs. Culver's name ,vas attached ,vas refuted illlmediately after its pub- 
lication. The séances she describes nevor occurred at all, Catharine 
Fox being at that time seventy miles distant at Auburn. IIow un- 
manly, ho,v much like a malignant village gossip, in Dr. Carpenter to 
dig up decomposed slanders, when the lady concerned, now 1\lrs. 
.J encken, ,vas in London, and he might at any thue have satisfied 
himself in an bour of the reality of trne spirit-sounds aI'ld other 
phenomena! 
Throughout his long career, Dr. Carpenter has kept hin1selfw-illfully 
ignorant of mesmeric and spiritual facts, ,vhich are ea
ier of access 
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than almost any other scientific phenomena. lIe has reproduced the 
career of Horkey with remarkable fidelity. No' sincere inquirer has 
eyer failed, if he made proper efforts, to obtain evidence of an active 
intelligence which is not material. In nlY first interview with a n1e- 
dinnl, over twenty.five years ago, loud sounds-not raps, but sounds 
like tbe creaking of a ,,
ooden mill-were freely produced at requ
st in 
a small uncovered table in our parlor, ,,-hen no person was in contact 
w'ith it or ,vithin three feet of it. On nlaking careful examinations, the 
sounds appeared to be developed in the loose marble sl::tb which con- 
stituted its top, and, by feeling the slab on both sides, I could locate 
the sound and vibration with great aceul'acy in its centre. 'Yhen no 
one was touching the table, it was beld down by the spirit-pow'er, 
when requested, with a force ,vhich I estimated at tw"enty pounds in 
lifting it. 
But it is entirely useless to mention any such facts to bigots of the 
Carpenter class, 01' to sustain theln by any amount of testimony; for 
to them all testimony is "Torthle
s concerning anything outside of 
the limit which Dr. Carpenter has marked off with a grand Cardinal 
Richelieu flourish, as the impassal)le linlit ,yhere inquiry must halt all<.1 
vituperation begin. 
Great is the po",.er of, the speculati ve scientific dogmatism ".hich 
enabled Dr. Carpenter to show in his" Physiology" that one hundred 
pounds of starch 'would support the life of a savage as long as four 
hunc1red pounds of venison or other game (Chapter'TII. Of Food and 
the Digestive Process), although it would be as difficult to convince 
the unscientific savage that such an opinion is preferable to experi- 
ence as to convince Crookes, Wallace, :Flammarion, flare, or even Vic- 
tor Hugo, that Dr. Carpentel"s opinions are l)referable to their o".n 
careful 0 bseryations. 
'V orthless as this book seems as an argnn1ent, and amusing as it is 
to those at "Thorn it is aimed, it has some power for mischief-the 
power of a demoralizing exa1nple-the power of position and reputation 
in giving a quasi-respectability to that which is philosophically silly 
and ethically corrupt. The most demoralizing influence which pro- 
ceeds from a thoroughly depraved society is the doctrine t
lat all men 
are knaves or fools, to ,vhich Dr. Carpenter has given his active co- 
operati
n-saving only a few self-styled" experts" from this satanic 
n1axim. IIis unfair example is corrupting to seientific literature. The 
vast amount of mesmeric facts, which could scarcely be sunlmarized 
and classified in the limits of his book, has heen carefully ignored, and 
his readers w'Quld not suspect their existence, if dependent on him for 
information. Yet, as he is such a stickler for the scientific qualifica- 
tions of witnesses, why could he not even allude to the testimony of 
Prof. Agassiz, .who ranks before the ,,"'orld at least as high as himself? 
Prof. Agassiz was thoroughly mesmerized by the Rev. C. II. Towns- 
hend, and his letter describing hi
 sensations and condition during the 
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process (February 22, 1839) is l)ublishecl in To,vnslIend's "Facts in 
l\lesmerism. " 
As the limits assigned this essay do not admit a.complete revie,v 
of this little book, it may now be dismissed, but not to oblivion, for it 
is destined to survive all other ,vritings of Dr. Carpenter, and to be 
remembered as long as Horkey's letter against Galileo. Posterity 
will he amused to think that "Thately's " Historic Doubts" concern- 
ing the existence of Napoleon Bonaparte, ,vritten for anlusement, 
,vere more than matched by Carpenter's doubts of the existence of 
any mesmeric or spiritual facts, 'written in all tbe earnestne
s of 
a dogmatic and infallible philosophizer. In the struggle bet"w'een 
stubborn vituperative nlaterialism and comprehensiye science, the 
battle - ground is at the l)sycho -physiological junction of the t"o 
worlds. lUan, belonging to both the spiritual and the nUlterial world, 
cannot be })roperly studied except as a psycho-physiological being, 
and those ,vho refuse to do this simply ignore anthropology. The 
effort of ultra - bigoted materialists is to exclude all agencies not 
thoroughly material-all that is intermediate between the psychic 
and the pIlysiological-to crush its students ancl teachers by per- 
sonal or professional ostracism and accusations of lying knavery 
and hallucination. The 'lnalignity of the attacks is suffi'cient proof 
that they do not originate in the love of science or of truth, eyen if 
they ,vere not often distinguished by mendacity, the mildest example 
of which is the late assertion of Dr. Forbes Winslow, of London, that 
" this form of delusion" (spiritualism) "is very prevalent in America, 
and the asylums contain many of its victims; nearly 10,000 persons 
having gone insane on the subject are confined in the public asylums 
of the United States." This is quite a fair eæanlple of the tl''Uth
fulne8s 
of the majority of the statements on that side of the question. The fact 
is, however, that the published reports of our fifty-eight insane asy-- 
lums sho,y but 412 from religious excitement, which is less than t,yO 
per cent. of the whole number, and but 59 from spiritualism, ,vhich is 
twenty-six hundredths of one per cent. of the whole nunlber in these 
asylnms (23,328). 
Dr. Carpenter and the majority of physiologists prefer to culti- 
vate physiology as a purely material science, and reduce man as nearly 
as. possible to a chen1Îcal ånd dynamic apparatus. I haye preferred 
to cuIth'atc physiology in a more philosophic 'tray, recognizing th
 
eternal man 'who inhabits the body, as ,,"el1 as the transient physical 
form, and discoverino- a ne,y class of facts which render our chen1Ï- 
. ð 
cal and anaton1Ícal physiology fal' n10re philosophic anc1 intelligible. 
"That a blind groping in the dark rigidly materialistic physiology 
appears to onc who has gained that full knowledge of our complex 
constitution 'which constitutes our an tlz ?'op 0 logy ! I do not mean by 
this that mesmcrislTI anc1 spiritualism combined ,vith mec11anical phys- 
iology constitute anthropology: far from it. Both meslnerisnl ancl spir- 
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itualism are rich but empirical collections of facts, in .which there is 
a large amount of material, but very little that can be called philoso- 
l:Jhy or satisfactory science. 
.L1JlthropoloU!I is established by investignting the centre of man's 
existence-the seat of his conscious life-the brain, in which the spir- 
itual COllies into contact with the physical, and is subjcot to analogous 
laws. In this theatre of their joint action both n1ay be studied, an<.1 we 
m
y find that philosophy for ,vhich the ,vorid has so long been looking 
in vain, ,vhich shall comprehend the entire scope. of hun1all existence. 
..c\.s one of these numerons psycho-physiological discoveries which 
are receiving daily confinuation from l)athology, froll1 autopsies, and 
from Dr. Ferrier's interesting experiments, I ,vonla very briefly allude 
to psycho1J'letry, a few experinlents in ,,,hie}), if rightly conducted, 
would dissipate the entire fabric of })hysiological materialism. The 
discovery of psychon1etry and the introduction of the ,vord by nlyself, 
thirty-four years ago, have Inade it quite familiar to liberal minds 
throughout the United States, and to some extent abroad. 
The initial facts ,vhich I discovered in 1841, tl1at aU who have a 
high development of sensibility -are capable of feeling the influence of 
any substance held in the bands, even to the extent of l)erceiving Its 
taste as wen as its medicinal effects, led to far more nlarvelous de- 
velopments. The supposition of materialism has always been, that 
when TI1edicines affect the body from contact with the exterior, an 
appreciable quantity of the substance must lu
ve been abfìorbec1 into 
the circulation. Against tl1is theory I guarded by placing tIle 11lec1i- 
cines in an enyelope of papei'; w'hich prevented contact with the cuticle, 
and concealed the nature of the substance fron1 the knowledge of the 
subject of the experin1ent. In n13king such experin1ents I fonnd that 
from twenty-five to thirty per cent. of the persons tried could realize 
distinct luedicinal effects, corresponding to the nature of the n1cùicine. 
In one of my collegiate classes of luedical students (in 1849, sonle of 
wholn have since occupicd honorable public positions), the effects ,,-ere 
distinctly recognized Ly forty-three, whose statement ,vas published at 
the time. TheRo effects ,vould begin in the hand, ascenc1 the ann to 
the head, and rapidly diffuse over the whole body. , 
If the materialist supposes that the sn1)stance pas:::;ed through tho 
dry paper to the dry hand, through its unl)roken cuticle and up the 
arm, I would ask, How long ,,"'ould it take for twenty grains of tartar- 
emetic or of quinine to be exhaled through tbe paper? I am not aware 
that such substances when dry are ever materially diminished in 
\veight by being kept in dry paper. 
Omitting other associated facts and pllÏlosophy for "
al1t of space, 
I pass on to the consUlnn13tion, that persons ,vho realize with facility 
these medical inlpressions can also realize psychic impressions of the 
n10st sul)tle character, in such a manner as to dissipate all doubt of 
the reality of this wonderful po.wer. A manuscript froll1 any source 
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retains in itself a subtle psycho.-physiological emanation charactcristic 
o.f its ,vriter; and an impressible person with a fair endo,vnlellt o.f the 
psychometric faculty, to such an extent as we w9uld find in perha})s 
one person in twenty, or, in some southern conlnlunities, one person in 
five, is capable of feeling the entire mental and physical influence of 
that person as perfectly as if -in contact ,vith hinlself, and describing 
the individual as he was at the time of writing-his entire mental and 
physical condition. 'Vhen there is 'a high endowment of the psycho- 
lnetric faculty, the descriptions of characters made in this way are 
more subtly accurate than those from any other source, and tbe sym- 
pathetic impression of the physical condition is so vivid as to develop 
in the psychometer the pains and morbid conc1itions of the writer. 
In the })roper performance of the experiment, the psychometer is 
not allowed even to. see the manuscript, ,vhich is used by placing it 
on the centre of his forehead; nor is he assisted by leading questions. 
It sometimes happens that, if the character described be one \vith .which 
the psychometer is familiar, he will finally be- able to recognize it, and 
tell the name of the writer by the identity of the character. For exam- 
ple, \vhile \vriting this article yesterday, a lady, of considerable intel- 
lectual reputation and elevation of character, came in, whom I knew to. 
possess fine psychometric po\vers. Thinking that I might make a suit- 
able experiment upon her for the illustration of my subject, I selected 
one of my autographs, and requested her to give me an example of her 
.po.wers. She knew not what autographs \vere in my possession, and 
was not allo\\red a view of the manuscript,. ,vhich was placed on her 
forehead without being seen, and without the slightest hint or suspi- 
cion of its nature. In a fcw moments (bolding it to. her forehead by 
her finger) she manifested great Inental excitement, and described a 
character of unusual grandeur and moral elevation. She fe1t like a 
great leat1er to whom nlultitudes were looking up-a man of com- 
manding stature, of immovable firnlness and strength of charactcr, 
and the loftiest philanthropy. She could hardly refrain from rising 
up and striding over the floor, from intense excitell1ent. After giving 
a forcible description of the character, she said she was sure it must be 
General Washington, as it corresponded to her kno.wledge of his char- 
acter, with which she ,vas quite fan1Ïliar. I then took the paper from 
her forehead, to let her" see this autograph, o.n which she had been 
pronounC1ng: 
" Tf? all to whom this writing shall come. 
"I certifye, that Willimn )Iorgan Esquire, commands a company of volun- 
toors in the service of the United States of AmerÍca. 
"Giyon at Head Qrs. at MOlTistown this 25th day of Febry 1777. 
"G. W .ASIIIYGTOX." 


Eyer since my announcement of this discovery, in 1843, I 113.ve 
found it the most perfect agency ever devised for tIle investigation 
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of character, and it has become well known throughout the 'Gnited 
States. There are as many as a score of practitioners of psycholnetry 
who will send a written description of the character connected with 
any manuscripts sent them, and a number of physicians 'who, "rith 
great success, use their psychometric power for the diagnosis of tlle 
condition of patients at a distance. 
But experinlents and investigations ,,
ould be entirely useless if 
Dr. Carpenter could succeed in his aÏ111 to build an impassaùle "'"all 
for the exclusion of all essentially novel truths, by denying the con1- 
petency of scientific testÏ1nony to introduce new facts foreign to Lis 
own craillped conceptions of Nature. 
To exclulle the Inultitudinous facts of mesmerism, including tIle 
vast number of surgical operations and marvelous cures in "rhich it 
has been en1ployed by Dr. Esdaile, Dr. Elliotson, and )Iundreds of 
others of unquestionable character-to exclude the facts of spiritual- 
ism witnessed hy n1Íllions, and to conlbine all the incompatible powers 
of medical and clerical bigotry now, as tbe .A.ristotelians and 110n1ÏEh 
priests combined against Galileo-is a task in which his success will 
hardly equal that of Lactantius in denouncing the wicked innovations 
which asserted the existence of the antipodes. 


... 


THE DECLINE OF P ARTY GOVERN
IENT. 


By PROFESSOR GOLD'VIN s:
nTII. 
T HE late presidential "election appears likely, in its results, to 
mark an epoch not only in the political history of the United 
States, but in that of all constitutional countries. In the person of 
the new President the American Government has come out of party 
and is trying to be the government of the whole nation. Sir Robert 
Peel tried the same thing in England, though in his case the "splen- 
did perfidy" to party was less marked than in the case of Governor 
Hayes, because the repeal of the corn la ,vs was not more essential to 
the interest of the country, which it rescued from death, than it ,vas 
to that of the Conservative party, ,vhich it rescued from hopeless 
opposition to the nation and from utter political ruin. Party found a 
dagger with which to stab Sir Robert Peel. President Hayes has 
shown hilnself a strong man, but the greatest trials of his strength 
are still to come. "Then Congress meets he will have to contend both 
,vith the resentment of the regular managers of his own party and 
,vith the hostility of the thorough-going Democrats, who ".ill see 
their opportunity in the breach between the President and the p:lrty 
which raised hinl to power, as the 'Vhigs in 1846 sa,v their opportu- 
nity in the breach between Sir Robert Peel and the Protectionist sec- 
tion of his followers. Supposing, however, that President IIayes, like 
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Peel, should fail, his attempt, like that of Peel, will have a signifi- 
cance ,vhich no momentary failure can annul. It announces the de- 
cline of the party system, and the advent, not im
e(1iate, perhaps, but 
still certain, of national government. 
It is curious with wbat inlplicit faith v;e have all reposed upon 
party, as the normal, permanent, and only possible mode of carrying 
on a free constitution, disregarding not only the objections ,vhich 
reason obviously suggests to the system and the general evidences of 
its bad effects on lJolitics ana political character, but the facts which 
show"ed plainly enough that its foundations were giving 'way, and that, 
if this ,vas the only basis of governmcnt, government ,vas likely to be 
soon left without a basis. 
Burke, in his" Thoughts on the Cause of the Present Discontent," 
has given at once his ùefinition and bis dcfense of party: 


"Party is a boùy of men united for promoting by their joint endeavors the 
national interest upon some particular principle i
 which they are all agreed. 
For my part, I find it impossible to conceivo that anyone believes in his own 
politics or thinks them to be of any weight who refuses to adopt the means of 
having them reduced into practice. It is the business of the speculative philos- 
opher to mark the proper ends of government. It is the business of the poli- 
tician, who is the philosopher in action, to find out proper means toward those 
ends, and to employ these with effect. Therefore every honorable connection 
will avow it as their first purpose to pursue every just method to put the men 
who hold their opinions into such a condition as may enable them to carry their 
COInmon plans into execution with all the power and authority of the state. As 
this power is attached to certain situations, it is their duty to contend for tllese 
situations. 'Vithout fi proscription of others they are bound to give to their 
own partJ the preference in aU things; and by no means, for private considera- 
tions, to accept any offer of power in which the whole body is not included; 
nor to suffer themselves to be led or to be controlled or to be overbalanced, in 
office or in council, by those who contradict the very fundamental principles on 
which their party is formed, anù even those upon which every fair connection 
lnust stand. Such a generous contention for power, on such manly and honor- 
able maxims, 'Will easily be distinguished from the mean and interestf'd struggle 
. for place and emolument. The very style of such persons will serve to disrrimi- 
nate them from those numberless impostors who Ilave deluded the ignorant with 
professions incompatible with human practice, find have afterward incensed 
them by practices below tIle 
eveI of vulgar reotitude." 
To foro} a rational and IllOl'al basis for party, to prevent party 
from sinking into faction, the party leader from hecon1Ïng an "inl- 
postor," and the" generous contention for po,ver " fron} degenerating 
into a " Incan and interested struggle for place and emolulncnt," there 
must be, as Burke says, a particular principle 011 which the n1(
mbers 
of the connection are agreed in ilesiring tlult gOyernlnent should be 
carried Oll. Failing such a principle, party, and the golden hazc .with 
which Burke, according to bis llUluneI', has surrounded it, vanish, and 
leave a faction or a void. 
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The principle must not be a Jnoral principle, because this"would 
imply an organized opposition to nlorality on the other side, and the 
permanent existence of an immoral party; two parties always in active 
existence being plainly essential to the ,yorking of the system. You 
cannot, for example, bave a party of purity, because this ,vould imply, 
as its correlative and complelnent, a party of corruption, and it ,yould 
be a grotesque arrangenlent to devote half your citizens permanently 
to the service and advocacy of corruption in order to maintain the 
luachinery of your government. 
The principle must be one of expediency. Parties, in other ,yords, 
must be divided by some question of policy, about which honest men 
may differ. ..And it nlust be a question of sufficient magnitude to 
transcend in importance all other questions; of sufficient Ï1nportance 
to warrant a man of sense and a good citizen in surrendering fo:r its 
sake his private judgment on all other political subjects to the guidance 
of the party leader and the exigencies of the party struggle, and in 
doing his utmost to exclude from the legislature and the public service 
all men, ho,,-ever honest, however able, however useful in general re- 
spects to the country, ,vho do not agìee 'with hinl on the vital point. 
"or e need not use the invidious term proscription j the thing will be tlle 
same. 
Now, it is manifest, in the first place, tbat the occurrence of such 
questions is exceptional, and not normal; they can seldoln arise in 
fact eX0ept ,vith reference to some organic change in the constitution, 
such as the transfer of supreme po,,-er from the cro,vn to Parliament, 
or the change in the character of Parlianlent itself, embodied in the 
English Reform Bill of 1832. American slavery ,vas an issue of a 
different kind and of still more transcendent importance; -but it 'was 
one lying quite beyond the pale of ordinary l)olitics. In nornlal tinles 
the occupations of legislatures and governments 'will he n1atters of 
current administration, not one of which is likely to fornl an issue of 
sufficient inlportance to swallow np all the rest and form a rational 
ground for the division of the nation into t,vo orgallized parties strug- 
gling each to place its leaders in exclusive possession of the po'wers 
of the Rtate. 
In the second place, qnestIons of expedienc)T, llo,vever in1portant, 
do not last forever' in one "
a y or other they are settled and disnp- 
, . 
pear frolll the political scene. Slavery dies and is buried. Parlia- 
n1entary reform is carried out with all its corollaries, and becomes a 
thing of the past. "That is to follow? Another question of sufficient 
im})ortance to ,van'ant a division of the 11ation into parties nH1st be 
found. nut suppose no such question .existR, are 'we to manufacture 
one? That is the work to w'hich the wire-pullers devote themselves 
in democracies governed by party, but the results seem hardly to cor- 
respond to our notion of the adamantine basis on 'which the political 
edifice is to rest forever. 
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Some astronomers say that the moon once had an atmosph
re, but 
that she has exhausted it, and that she shows us ,vhat ot
r planet "'ill 
be "Then, in the course of ages, its atmosphere also shall have been ex- 
hausted. "fhe colonies, in this matter of })arty governnlent, tllay fur- 
nish an indication of the same kind to the mother-country. In Canada, 
for example, while 
 ew World society ,vas struggling to repel the 
intrusive elements of the old régÏ1ne forced upbn it Ly tlle imperial 
country, and to extort self-governlnent, the parties, though not alto- 
gether edifying in their behavior or salutary in their influence upon 
popular character, .were at least formed upon real lines. But the 
struggle ended with the abolition of the state Church and the secu- 
larization of the clergy reserves. Since that time there has been no 
real dividing ]ine between the !)al-ties; they have ceased to be truly 
directeLl to public objects of any kind; their very n'ames have ùecome 
unintelligiùle. Politics under such a party system must ir..e\'itably 
sink at last into an" interested contest for place and emolument" 
carried on by" impostors who delude the ignorant with professions 
incompatible with human practice, and afterward incense them b
" 
practices below the level of vulgar rectitude." It is needless to say 
what effects an incessant war of intrigue, calumny, and corruption, 
carried on by such party leaders, with the aid of the sort of journal- 
ists who are willing to take their pay, must produce on the political 
character of a community, however natural1y good, and well adapted 
for self-government. Nobody is to blame. The blame rests entirely 
on the system. Lord Elgin found fault ,vith Canadian parties for 
being formed .with reference to petty objects, not to great questions. 
It is singular that so acute a Ulan should not have asked himself w.here 
the great questions ,yere to be found. Were they to be manufactured 
or Ï1nported ? 
Nothing is more curious than the ingenuity with which new rea- 
sons are invented for old institutions ,,:hen the original reasons have 
ceased to exist. The advocates of the party system in countries des- 
titute of party questions, at a loss for rational grounds .of defense, 
take a desperate dive into p!'ychology, and affirm that all Inen are 
by natural tenùency either Conservatives or I..iber
.ds, 80 that the di- 
vision of every community into two parties is not merely a practical 
exigei1cy of politics but a- general law of humanity. In that case 
Nature nlust have been peculiarly kind to certain po1iticians ,vho are 
furnished ,vith .3. double set of tendencies enabling theni to appear in 
both the parties at different periods of their care(lr. It is hardly 
necessary to prove tl1at the varieties of nntural t<Ymperanlent are nUIn- 
berless, and are still furthcr diversified 1)y the influences of position, 
age, and fortune; and that to divide any nation into tl\"'O organized 
parties according to their temperaments .wonIò be an undertaking far 
transcending in absurdity all the fancics of Lapnta. Yet such phi- 
10Rophy probably helps to cast a halo oycr a contest of "ÌInpostors," 
VOL. XI.-4. 7 
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the character and objects of ,,"'hich could not otherwise escape the 
most " vulg
r" eye. 
We have an exmnple of the tendencies of the systenl in the Aus- 
tralian colonies, if Austra1ian journals nlay be belieyed. ""Thatever 
land-questions or other questions of an organic kind or of pCrInanent 
ÏJnportance there ,vere, haying been settl
d, and no basis for parties 
left, party government it seems in those countries is 'weltering in cabal, 
senseless faction-fighting, and all the coucolnitant evils. The wor
t 
arts and the worst men inevitably acquire an .increasing ascendency 
in public life. Changes of milli
try, brought about for the most part 
by lnere personal intrigue, are of constant occurrence. Goyernment 
is ainlost as unstable as in 
Iexico, and though the nlode in which the 
revolutions are effected is less violent, they are perhaps not nluch less 
injurious to the political character of the people, or less likely to pro- 
duce a complete disintegration of authority in tbe end. 
Imitation of England has led the l)olitical ,vorld a strange dance. 
The Chinese shipwrights, when desired to build a vessel in place of 
one which had beeu disabled by dry-rot, produced an exact copy, dry- 
rot and all. ßIontesquieu fancied that the grand f'ecret of English 
liberty lay in the separation of the executive and the judicial pO'wer 
froIn the legislative. 'Vith their union in the same hands liberty 
,vould end. This theory found general acceptance; yet at the very 
time when 1\lontesquieu made this profound observation, the legisla- 
ture had in fact got into its hands the executive, which it appoint
c1 
by the vote of its majority, and the judiciary, which was appointed 
by the executive. But the effect of the notion is visiLle in the pro- 
visions of the AnlericaÙ Constitution; and the consequence is all 
occasional dead-lock, arising from a conflict between the legislature and 
the executive, as in the case of President Johnson, 'who w'a
 impeached 
to force him into harmony 'with Congre8s. Again, the IIouse of Lords 
has been taken for a Senate" and the check imposed by its l11ature and 
deliberate wisdom on the rashness of the more popular IIouse hag 
bee
 supposed to be the grand safeguard of British legislation. The 
House of Lords is not a Senate, nor a second Challlber, in the sense 
in ,vhich the term is practically employed by the- arch
tects of ne
'" 
constitutions. It is an estate of the reahn: it is a privileg
d order 
having an interest of its own separate from that of the nation at 
largé, and defending its own interests, which are necessarily those of 
privilege, and therefore of reaction, by resisting e,:ery nlcasure of 
political change as long as it is safe to do so. Of its revising precip- 
itate legislation in an inlpartial sense no instance can be fOllI}ll. But 
other nations try to reproduce it in tbe form of a second Chanlber, 
and they find, one after another, that, cOlnposc your second Chamber 
and appoint its menlbers as you ,viII, the result is either a nullity or a 
collision between the two IIouses, in ,vhich the more popular House 
will probably prevail. 
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In the same way it has been assumed that the English sYf\tem of 
party and of cabincts, ,yhich arø."comn1Íttees of party, is the vital prin- 
ciple of constitutional governnlcnt. But party in England has been 
the instrulllent, probably the indispensaLle instrulneut, of a chronic 
revolution. Dy the action of tbe party'w}1Ïch in its successive phases 
has borne the names of Puritan, 'V-hig, and Liberal, the Tudor autoc- 
racy has been reduced to a limited, or r.ather a faineant, monarchy, and 
the Tory oligarchy, once intrenched in the rotten Loroughs, has Leen 
replaced by a I-Ionse of C0111mOnS elected on a more popular basis; 
snprmne power, in other words, has been gradually transferred from 
the crown and the aristocracy to the representatives of the people. 
.1-\1l this tinle there has ùeen a real 
round of division and a question 
of importance supreme enough to warrant allegiance to a party. But 
the process is now nearly complete. Other questions, of which the 
IUtIne Radical h, the synlbol, ,vill probably enlerge, and nUlY again 
furnish grounds for the action of party. As i
 is, the lines bet ,veen 
the aristocratic and democratic parties remain, though their outline 
is confused, and the democratic party is paralyzed for the time by the 
Conservati ve reaction, caused mainly by a vast influx of wealth. But 
,ve have an inkling at all events in the present state of thing
, even 
in England, of the time 'when the materials for party ,vill be finally 
exhausted, and when we shall be obliged perforce to look out for SOUle 
other moùe of working constitutional government. Bayonets have 
their uses, but you cannot sit on theul. Party bas its use a
 the organ 
of a pacific revolution; but it will 110t supply the permanent basis of 
a national government. 
Even in the course of the revolution, effected by means of party 
in England, as often as the movement has been temporarily suspended 
by. accident or lassitude, the weakness of the system has appeared. 
Bet,veen the fall of Jacobitism and the advent of the French Revolu- 
tion, ,vhen there ,vas no great party question on foot, but the offices 
of state were still pnt up as the prizes of success in the struggle of 
parlian1entary factions, you had half a century of chaotic intrigue and 
corruption, broken only by the short dictatorship of Clwtlw,m, 'whose 
own conduct, in the cabals which drove "\Valpole into the war 'with 
S}Jain, ,vas an example, if not of place-hunting, of place-storming, of 
the most flagrant kind. The boasted efficiency of party, as a detector 
and exposor of abuses, ,vas then proved to be little sustained hy facts; 
it ,vas seen, neither for t}
e first nor for the last time, that two factions, 
'vhatever their mutual hatred, may virtually cOlubinc to preserve a 
privilege of plundering the community, ,vhich each hopes to exercise 
in its turn. 
Not only is the usefulness of party as a po1itical instrunlent close- 
ly connected with the peculiar cirC\ullstances of EngJish historr; it is 
closely connected also ,yith the peculiar circun1stances of an age of 
unscientific politics, of cOlul)inatiolls formed upon class interests, of 
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little independence of Ininc1, feeble reasonings, and strong passions. 
'Vith the advance of political knowledge, of independent thought, 
and it must be added of public morality, allegiance to }xU'ty grows 
less possible, })arty discipline loses its hold, the cohesion of 1)arty is 
broken up and refuses to be restored. The better a party is in point 
of intelligence, individual sense of responsibility, individual regard 
for the public good, the less submissive to tbe ,vhip, and therefore the 
w.eaker, it becomes; a singular result of the only perfect system. 
"'rhat do ,ve see in England now? On one"side is a party weak to 
the verge of inlpotence, unable to act together even for one evening, 
to all appearances hopelessly excluded from po,ver; and this because 
it is a party of opinion, of inc1ividual intelligence, of individual con- 
science, of individual desire to ilnprove the condition of tbe people. 
On the other side is a. party over,vhelmingly strong, acting under per- 
fect discil)line, and likely to be for an indefinite time master of tbe 
state; aud this because it is a party of interest, which always unites, 
while opinion inevitahly divides. 
Efforts are made on the Lib
ral side to compensate the ".eakness 
of mental independence as a basis of party union by increased strin- 
gency of organization. But these oDly bring nlore clearly to light the 
incompatibility of n1elital independence with the party system. In 
a recent DumLer of this magazine we published a very gra})hic and 
interesting account of the political machinery used by the Liberal 
managers at Birmingbam. 'V 
 are not in.a humor to quarrel ,\\"ith 
anything which in the present dearth of ability, especial1y of rising 
ability, in the IIouse of ,Commons has laclped to secure the election of 
1\11'. Chamberlain. Nor do ,yeoverlook t1)e fact that the spontaneous 
organization on the side of the Tories, in the shape of s'ocial connec- 
tions and the tyrannical pressure they exert, is such tbat it call only 
be counterbalanced by artificial organization carried to a high pitch 
on the other side. But ,ye must say tha.t the use of such Dlachinery 
does seem to involyc a terrible sacrifice of those very haùits of nlcn- 
tal independence which it is the pride of Liberalism to IJromote. The 
absolute nec
ssjty cf defending progress and tbe interests of the com- 
Inunity at large against the despotism of a class alone reconciles us 
in any measure to the system. In the United States tbe nl:lsters of 
the party machines ha-ve everyw"here taken the repre
entation out of 
the hands of tIle people: yon arc practically 110t at liberty to vote 
for anybody but their nominees; and tbe Republican horse, to van- 
quish the Democratic stag, becomes absolutely the slave of its rider. 
In the United States the opinion of the best judge8, so far as w
 
can gather it, is tliat the disorganiz:itibn of the parties is increasing and 
is likely to increase. Nor is it po
sible to name any issues on which 
ne,v parties can be formed. There is no question which, even suppos- 
ing it to be of sufficient importance, would at all coincide with the 
existing lines; and a complete reconstruction of !)arties .with a nc". 
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arrange}l1ent of the leaders anll wire-pullers, irrespective of all per- 
sonal connections, ,vould be practically out of the question. Two 
alternatives "'Till present themselves to the people: either a ne\v nlodc 
of ,vorking constitutional governluent and nutintaiuing the proper 
check on the executive must be found, or the President must be aJ101\
ed 
to become something very like an elective dictator for a terIn of years. 
The practice of setting up the offices of the executi,'e as the prize 
of victory in a legislative contest carried 011 ùy the agency of party 
appears to be injurious alike to legislation and tù executive goVe1'll- 
nlent. It is injurious to legislation, because public men are constantly 
telllpted to deal with legislative questions in the interest of their OWll 
ambition, for the purpose of paving their way to office, or strengthen- 
ing their position there, not ,vith a view to the proper objects of legis- 
lation; ,vhence a number of unnecessary, prerllature, and dishonest 
nleasures. All the nlembers of the Conservative party, before 1867, 
had recorded their opinions against a large extension of the franchise 
as tending to place political po\ver in ignorant and irresponsible hands. 
They, then, to keep tlleir party in office, and at the bidding of lead- 
ers who they knew had no other 11lotive, themselves extended the 
franchise to the most ignorant and irresponsible part of the popula- 
tion, the pOl)lllace of the towns
 The practice is injurious to executive 
governlnent, because it excludes or ejects from office the ablest anù 
IllOSt trusted adlninistrators on account of opinions ;e
pecting legis- 
lative questions ,vhich in no .way affect administration. It wrongly 
unites, in short, two political functions which are perfectly distinct 
and which Illutually suffer by being bound np with each other. 
It is needless to dilate upon the relations of party, its machinery, 
its strategy, the press which serves it and expresses its passions, to 
public morality and the general interests of the state; the facts arc 
always before our eyes. But experience of a colony or of sonle ne,v 
country is needed to make one thoroughly sensible of the effects of 
this warfare upon the political character of the people, and of the ex- 
tent to which it threatens to sap the very foundations of patriotism 
and of respect for la\vful authority in their n1ÍIHls. 
It is supposed that the hostile vigilance of p
n:ty is the great safe- 
guard against political corruption, and one which, if removed, it ,,
ould 
be ilnpossible to replace. nut there are some countries at lea
t in 
which the indiscriminate slander in which party constantly deals 
fornls really a cloak of darkness for all corruption rather than a lantern 
for the detection of any; ,,
hile its effect 011 the character of puùlic 
men is to })roduce general lo"'
ness of tone and brazen indifference to 
accusations of every kind. The experin1ent has not yet been tried of 
legislating definitely against the corrupt use of legislative or executive 
power, which is a perfectly tangiblè crime (at least it is difficult to se
 
,vhy the sale of a vote in a legislatÏ\Te assembly, or of a government 
contract, is not as tangible a crinle as the fraudulent breach of an 01'- 
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dinary trust), and of instituting a tribunal for the trial of offenders. 
.And therefore "re are still at liberty, at all e'vents, to entertain the 
belief that the sight of a single politician suffering a feloll's doom by 
the impartial and righteous judgnlent of a court of law, for the corrupt 
betrayal of his public trust, would have a more salutary effect than 
the interested an<.1 reckless denunciations of all the party orators and 
journalists in the "world. 
It is easy to see why, np to this tilne, party has been the la"w of 
politics; but it is not easy to see "why, for tbe future, and as reason 
oxtends its sw"ay over the political sphere and limits the reign of pas- 
sion; })arty should be the law of politics more than of any other sub- 
ject. Party, '\ve mean, organized and permanent; such as the parties 
of the Guelfs and Gliibellines, of the Blacks and "Thites, of the Caravats 
nnd ShanaveEts. On social and philanthropic questions, on questions 
and in movements of all kinds, people combine for a particular object, 
and the object haying been gained they fall back into their ordinary 
associations. \Yhy should they not do the sallIe in politics, supposing 
politics to be a matter 110t of -passion and ambition, but of reason and 
of the public good? This is the answer to the argument on the 
ic1e 
of party that nothing can be carried without combination. It can 
hardly be neçessary to meet the argument that political truth can 
only be hamlnered out l)y the constant collif'ion of parties. 'Vith re- 
gard to all other f'uhjects it is supposed tl1at ,,'hile free discus
3Ïon is 
conducive to the discovery of the truth, party feeling and subHerviency 
to party are most ac1\"erse to iL -But people tacitly assun1e that tl1ey 
can have party without party feeling and the eyils to which everyone, 
when the question is distinctly proposed to hin1, adn1Ïts that party 
feeling n1ust lead. 
N or, again, need we d well long on the argull1ent that party is neces- 
sary in order to keep up an interest in human affairs. IIuman affairs, 
according to all present appearances, are likely to be interesting 
enough to keep the mind of man alive and to give birth to abundance 
of controversy (if that is the thing desired) for generations to come, 
without our forn1Ïng artificial- parties for the pnrpose of enabling am- 
})itious men to obtain exc1nsi,'e possession of the po
wer of the state. 
Party is no doubt indispensable to selfish interests, ,,'hich by tak- 
ing a
lvantage of the balance of factions are enahled, to an almo
t in- 
definite extent, to compass their special objects at the expense of the 
community. It is indispensable to political sharpers who, without 
legislative powers or any sort of ability or inclination to f'erve tIle 
11ublic in any honorahle way, find subsiRtence in an element of pa
f'ion 
and intrigue. To whom or to ,,,hat else it is indispensn ble, no one 
has yet ùeen a1)le definitely to say. 
Burke himself, the great apologist of party, was the great apostat
 
from it. lIe called his al'o
tasy fidelity to the Old 'Yhigs; lJut the 
Ola Whigs were in their graves, and the rhetorical turn given l)y him 
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to his secession did not alter tIle fact. In the case of his defense of 
party, as in Inn-ny other ca
es, his fervid and unbridled inlaginatioll 
has erectet1 a particular expedient, the nece:s
ity of
 a special occasioI), 
into a universal and everlasting la-we Before him, anuth('r nlan had 
shaken off party tr::unmels apparently froln the conviction of their 
r:lClical inconsistency "rith the public interest. The life of Lord Shel- 
burne is in this specÏitl respect a most inlportant, as wen as in all re. 

l\ects a most interesting, addition to political biography, and we shall 
see as it proceeds whether Shelburne is entitled to the credit of bav- 
ing tried to be a national statesman. 
Our proposition, however, is this: that, let I)arty, as a system of 
government, be good or evil, the materials for parties are nearly ex- 
hausted in the British colonies, ancl probably in the lTnitec1 States; 
that they are temporarily exhausted, and m:ìY one day be entirely ex- 
hausted, in England; "rhile in other countries (in France and Ger- 
lllany, for instance) the sections and sul)sections of opinion are too 
numerous and the lines between them are t00 wavering to admit of 
the clear division into two })arties absolutely essential to the working 
of the system, which, when there are three or four parties instead of 
two, becomes a quicksand of intrigue on which no government can be 
founded. Under tb
se circumstances it is necessary, whether 'we 'will 
or not, to look out for some other foundation for constitutional go,"- 
ernment. The penalty of not doing so ,,-ill be 
ither confusion or the 
domination of sonle selfish and, because it is selfish, compact and all- 
l)owerful interest. 
To determine wbat that foundation is to be, is prol)ably a task re- 
served for better heads than ours. But perhaps the S.wiss Constitu- 
tion, in its g(Jneral principles, may point the ,vay. It suggests the 
regular election of the executive council by the legislature in place of 
a struggle of parties to determine which side of the House shall bave 
the privilf'ge of distributing the prizes among its leaders. The proper 
relations between the legislature and the executive might be pre- 
served by a proper rotation of elections, 'with any such provisions as 
seemed expedient in the w"ay of cumulatiye voting. The tenure of 
office would of course be limited; ,yhether to the duration of the Par- 
liament (which is the Swiss system) or to a term of years would he a 
question of detail, "but the -advantage of a continuous executive would 
be in favor of the latter plan. It does not seem that with this linlita- 
tion the power of the nleln"bers of the executive council would. be too 
great, or that their responsibility would be unduly diminished; excess 
of authority, provided it be constituted in toe interest of the whole 
nation and accountable to the nation in case of an abuse of po'\Ycr, is 
not the political danger ,vhich at present we haye Inost reason to 
dread. N or does it seem that, ,vith, say, three elections occurring 
each year, the executive conn<;il could get much out of harmony with 
the legislature, or fail pretty adequately to represent the prevailing 



7++ THE POPúTL.AR SCIE.1VCE ,i1IO-,-VTHLlr. 



entiment of the legislature for the time being. But the executive 
under such a system would do its o"rn work, and leave the legislature 
free to do the ,york of legislation. The special initiation of the 
lin- 
ister of Finance in financial matters would be preserved by the same 
sense of an obvious necessity which has established it. In the per- 
formance of purely administrative duties, all the members of tbe coun- 
cil might ,vithout difficulty agree, and their coöperation in their 
proper ,york might be perfect, notwithstanding possible differences of 
opinion about matters of legislation. ''lhy should not a good Chan- 
cellor of the Exchequer act in harinony w'ith a good JIonle Secretary 
notwithstanding a difference of opinion about the church establish- 
ment or the f\xtension of the franchise? "'Thy should the country be 
prevented by that difference froin availing itself of the acbuinistrative 
capacity of both? And why should not each he free to vote as a 
11lember of the legislature, in accordance 'with his personal opinion? 
.At present a cabinet has sOlnething of the character of a conspiracy, 
nlembers often suppressing or even acting against their own opinions 
in order to present a united front to the enenlY and to maintain their 
hold of power, from ","'hic]} no sn1all calamitif\s have flo'wed. It would 
not be difficult to point to instances of measures forced on a cabinet 
by some leading member,- his colleagues acquiescing merely from fear 
of a break-up, and then carried through Parliament by the influence 
of governnlent, though the sense both of the legislature and the cabi- 
net was really the other ,yay. 
The tendency inherent in party government to superscde the na- 
tional legislature by the party caucus has long been completely de- 
veloped in tIle United States, where it lllay be said that ill ordinary 
tinles the only real debates are those held in caucus, congressional 
legislation bcing simply a registration of the caucus decision, for 
which all menlbers of the party, whether they agreed or disf'ented in 
the caucus, feel bound by party allegiance to record their votes in the 
House; just as the only real election is the non1Ïnation by tlle caucus 
of the party which has the nlajority, and which then collectively im- 
poses its ,viII on the constituC'Bcy; so that measures and elections 
may be and often are carried by a minority but little exceeding one- 
fourth of the IIouse or the constituency, as the case nla'y be. The 

ame tendency is rapidly developing itself in England; and it is evi- 
dently fatal to the genuine existence of. parliamentary institutions. 
So far as England is concerncd, the institution of an executive reg- 
ularly elected ùy the lcgi
lature at large in place of a caùinet formed 
of the leaders of a party majority 'would be substantially a return to 
the ola fonn of goyernmcnt-the Privy Qouncil. Parliament is now 
the sovereign power, and election by it ,vould be equivalcnt to the 
ancient nomination by the crown. The mode of electing and confirm- 
ing a Speaker shows how the forn1s of monarchy may be reconciled 
with the action of an elective institution. 
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Ho,vevcr, be the proper substitute for party what it may, the thing 
here insisted on is that party is evidently in a state of decadence; 
that the causes of its decadence are not accidental or ten1porary, but 
inherent in its nature, which is that of an instrluilent of change, not 
that of a penuallcnt principle of governnlent; and that, consequently, 
sooner or later some other basis for governnl(
nt luust be founel. " You 
are sanguine," say objectors, " if you think you can carryon constitu- 
tional government without l)arty." .'Ve trust not; for, if it is so, the 
end of constitutional governn1(
nt is at hand. The decline of party 
may fitirly be said to present an urgent question: for the political ob- 
server to-day-to-morro\v for the statesman.-lJIacnÛllan's Magazine.. 


.... 


SICETCII OF PROFESSOR JEVOKS. 


\"XTILLIA){ STANLEY JEVONS was born at Lh r erpool, in the 
VV year 1835. His father, Thomas Jevons, was an iron-merchant 
in tl]at city; his mother was a daughter of '\Villialll Roscoe, the well- 
known historian. She was a woman of great cultivation, the ,,?riter 
of hymns and poelns \vhich are to be found in general collections, and 
the editor of the "Sacred Offering." Young J evons r(!ceived his 
early education along with his cousin, Prof. Roscoe, at the lIigh- 
School of tbe l\lechanics' Institution, Liverpool, the head-roaster of 
,vhich \vas, at that tinIe, Dr. 'V. B. Hodgson, now Professor of Politi- 
cal Economy in the University of Edinburgh. At the age of sixteen 
he went to University College, London, and, during the two years he 
remained there, ùistinguished himself highly in the classes of mathe- 
n1atics ana natural science. In 1853 he received, on the recommenda- 
tion õf Prof. Graham, the offer of an appointment as an assayer to 
the Australian Royall\Iint at Sydney. lIe accepted this appointment, 
and, after }laving qualified hinlself by a course of assaying under Profs. 
Graham and l\Iiller, be proceedecl to Sydney, where he discharged the 
duties of the office for five years, devoting bis leisure tin1e to scientific 
investigations, particularly nleteorology. lIe, however, resolved to 
leave this field of work and devote hinlself to the study of the higher 
sciences. Returning fronl -Australia, he visited th
 Unitea States in 
1859, and, arriving at London, he at once resumed his studies in the 
University College, and won distinction in his various classes. In 
1862 he graduated as 1\1. A. with first-class honors, and the gold medal 
in the department of Logic, Philosophy, and Political Economy. T\\?o 
years later he was elected Fellow of University College. 
In 1863 he published his first inlportant work on ccononlical sci- 
ence, entitled" A Serious Fall in the V 
lue of Gold ascertained, and 
its Social Effects set forth." lIe consented to take the position of 
tutor in Owens College in 1863, and in 1866 "Tas elected to the chair 
of Logic ana Political EcononlY in tJlat institution. The year pre- 
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vious he haa reac1 to the British .l\ssociation a p:1per containing the 
fundamental positions of his later ,york, "Theory of Po1itical Econ- 
omy." In 1865 appeared the treatise "On the Coal Question," deal. 
ing ,,
ith the probleln of the exhaustion of the English coal-mines, the 
calculations of which were adopted by 1\11'. Gladstone- and 
Ir. 
Iill in 
their treatlnent of the subject. In 1869 appeared the slllall 'work, 
"Substitution of Similars the True Principle of Reasoning;" in 
1870 he r
ad a paper before the l
oyal Society" On the 1\lechanical 
Performance of Logical Inference;" and about this tin1e he COID- 
})leted his well-known Logical l\Iachine. In 1870 appeared the first 
edition of the" Elementary Lessons in Logic." The" Theory of Po- 
litical Economy" "ras. published in 1871; and the author's great "
ork, 
" The Principles of Science," was issued in two volunles in ] 874. 
" The Principles of Science" is a comprehensive treatise on pure 
3nd applied logic, or on the formal theory of inference and the 
Inethods of scientific investigation. The first book resumes the au- 
thor's previous researches in pure logic, and carries them a step 
further. .1\.11 inference is r
garded as essentially reasoning fronl sirui- 
1ars to sin1ilars, affirn1Ïng that 'what is true of one thing is true of 
its like. The rules of inference flowing from this general principle, 
nud the symbolical notation elnployed to express all tIle forms of 
thought, arc stated and exemplified ,yith great fulIlless. The par- 
ticular novelty introduced is the view of induction, which Prof, 
J evons r
gards as merely the inverse procesf? of deduction. Thus, 
in deduction, we have given to uS certain relations among terms or 
notions, and by the application of t11e formal hnvs of thought 'we 
develop all the possible' combinations ,,,hich are consistent .with 
given relations. In induction, on the other hand, the combinations 
of terms are given, and "
e require to reason back,vard to tBe pos- 
sil)le relations from ,vhich they may result. Insisting strongly upon 
his vie,v of inductive inference, Prof. J evons is led to criticise and 
reject the ordinary accounts of the process. lIe d
c1ines to admit 
that inductive research nccessarily involvts the idea of causation, 
and assimilates it more nearly to the mathematical doctrine of proba- 
bility. The cllapter in 'which he expounds the philosopl
y of induc- 
tive inference is peculiarly valuahle, and deserves 1110re car
flll criti- 
cism than it lIas yet received. .A.s final result we have the complete 
subordination of induction to deduction; all inductive research, ac- 
cording to Prof. J evons, consisting of three steps-franling an hy- 
pothesis as to the general law, deductively inferring results from it, 
:1nd comparing the inferred conclusions with real fact. 
The subordinate points involved in .this theory of induction, such 
as the princinles of com1>ination and, tIle general nlethod of calculat- 
ing probabilities, are treated very elaborately. The problem of in- 
verse prohahility, ,vhich is, in Prof. Jevons's view, identical with the 
proùlenl of induction, receives most careful attention. Some attempts 
have recently ùeen made to carry out one or two of the elaborate 
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logical C0111putations shown to be necGssary for the completc solu- 
tion of the problem. 
The remainder of the treatise is an exhaustiyc account of the 
methods of scientific investigation. 'Vhat is 1110St remarkable in this 
portion of the w'ork is the combination of extensive and accurate 
kno,vledge of facts witli perfect command of the most general prin- 
ciples. As a writer on scientific method, Prof. J evons is fairly en- 
titled to the credit of being a peer of predecessors so eminent as 
IIerschel, "\Yhe,velI, andl\lill. He has given the fullest and best ex- 
position of the methods actually employed by the greatest Bcientific 
,vorkers, and has collected froll1 all quarters a nU1S8 of most richly- 
varied illustration. 
The concluding book of the treatise is a brief lHlt pregnant essay 
on the results and Jimits of scientific nlethod. The outconle of the 
author's careful analysis of induction, the essentially jJrobable charac- 
ter of ,vhat arc called natural laws, is applied as a corrective to the 
rash scientific generalizations indulged in by many ,vriters, and to 
the equally rash deductions from tbem. At the present time 11i
 
,veighty remarks on tbe suppoHec1 contradiction bet,veen natural law 
and divine providence in any form are peculiarly deserving of attention.. 
Prof. J evons published a volume, in 1875, entitled" 1\1oney, anll 
the .l\1echanism of Exchange," forming part of "The International 
Scientific Series." It contains a lucid and admirably-written exposi- 
tion of the nature and.functions of money, the principles of circu- 
lation, the various forms of credit documents, and the e]aborate 
mechanism (banks, check, and clearing systems) by "rhich moncy 
exchanges are facilitated. Careful and complete historical notice, 
are also given with re.gard to tbe various metallic currencies, nlod(
 
of coinage, and regulations of issue, whi]e technical nlatters, such a
 
the qualities requisite for good nletallic currency, the Joss of .weight 
in coins by nsage, and the cost of keeping up the cUI'rency, receiyE" 
due attention. His last publication was the little conlpenc1ium of 
logic called "The Logic Primer," intended to giye general readers 
sonle idea of this science. 
In 18G8 Prof. Jeyons "as appointed an Examinel: in Political 
Economy ill London University. In 1870 he was President of the 
Econoillic Section (Section E) of the British ,Association at its Liyer- 
pool nlceting. In 1872 he was 
Iected a Fello'"," of the I
oyal Society. 
In 187-1 and 1875 he ,vas an Ex
mincr for the :\1oral Sciences Tripos 
at C:ll11bridge. In the year 1876 the Senatus Academicus of Edin- 
burgh University conferred upon hinl tl)O honorary degree of LL. D. ; 
and in the 
anle year he ,vas appointed Exan1Ïner in Logic and 1\10ral 
Philosophy in London University. In 1\1arch, 1876, Prof. J evons an- 
nounced his re.signation of his professorship at O.wens College; and 
in Octoùer, 1876, he entered npon the duties of the distinguished 
position to which he had heen chosen, and ,,-hich he now. OccuI)ies, as 
Professor of Political Econon1Y in University College, London. 
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CORRESPONDENCE. 


"TilE TIDES." 
To tM Editor of the Popular Science Monthly. 
I IL\.vE read with a good deal of inter- 
est Prof. Schneider's article on "The 
Tides," in the July number of the MONTH- 
LY. I was pleased with his method of ap- 
proaching the problem, because it deals 
with the planetary bodies as we actually see 
them in motion, not demanding that effort 
of the imagination required in studying the 
problem simply as one of static equilibrium. 
He has succeeded in rendering tolerably in- 
telligible from a new standpoint a subject 
which is pf'rhaps left for the average reader 
in a somewhat unsatisfactory state in our 
popular works on astronomy and phJsical 
geography. 
In proportion as he has done this por- 
tion of his work well, is any error of state- 
ment into which he may have been led lia- 
ble to prove mischievous. This i
 my only 
excuse for venturing to offer any criticism 
on the work of one who has really done 
'\""aluable service in presenting familiar 
truths in new aspects. 
Nowhere is our author more clearly 
wrong than in his own criticism of the com- 
monly-accepted theory of the causation of 
the tides. He admits, apparently, that the 
attraction of the moon, or of the. sun, is 
capable of lifting into a tidal protuberance 
the waters that lie, in popular parlance, 
J.h'ectly beneath them; but that the earth 
itself should be drawn away from the 
waters upon its opposite surface, he pro- 
nounces preposterously absurd. "It has 
been proved experimentally," he says, 
"that all bodies on the surface of the earth 
are heavier at midnight than at any other 
hour of the twent,y-four." He cites no au- 
thority for this statement, which is simply 
inconsistent with the observed fact that at 
midnight, leaving out of account the influ- 
ence of the moon, the tide is rising instead 
of falling. The st.ate of the tide, however, 
3.9 we shall perhaps have occasion to indi- 
cate hereafter, is. not a trustworthy meas- 
ure of the local variations in that gravita- 
tive force which manifests itself as wci
ht. 
L nIess, therefore, delicate experiments with 
the pendulum have actually demonstrated 
the e"\:Ï::;tence and amount of such diurnal 
'\""ariations. we can only infer them from 
our knowledge of the forrcs which may 
produce them. 
It is in his attempt to do this that our 
author faUs into the fatal confuf:ion of 
thought which leads him to pronounce ab- 


surd a theorJ' which to the clear-sighted 
Newton was simply the truth. This confu- 
sion seems to al'ise wholly from a careless 
use of the term weipht or gravity. On the 
side of the earth facing the sun, all particles 
of mattcr feel the attraction 0 the earth 
and that of the sun as forces acting in op- 
posite directions. "The weight of a body 
situated at this point then will be diminished 
by precisely the amount of the sun's attrac- 
tive force." Yes, if meanwhile the earth's 
centre remain stationary. But this is not 
the fact; the whole mass of the earth has 
simultaneously yielded to the solicitation 
of the same attraction. If these motions 
are equal, they can produce no change in 
weight, for weight is simply the force with 
which a body tends to approach the earth's 
centre, not simply the force with which it 
advances through space in the direction of 
that centre. Prof. Schneider himself points 
out the distinction, but proceeds immedi- 
at
ly to ignore it in his reasoning. He 
says: "As the particles of the earth most 
remote from the sun feel its attraction pills 
that of the earth herself, they are drawn 
with greater force toward the centre of the 
earth than any other particles. Hence," 
he triumphantly asserts, "it cannot be true 
that the whole earth is drawn away from 
the waters, and that any tide is f>roduced 
by the waters being left behind." 
Having thus convincing\y (?) shown the 
necessity for a more satisfactory hypothesis 
regarding the causation of the tides, he pro- 
ceeds to offer one of his own. The first 
thing we remark, however, in examining 
this is that it ernbodies all that was COI1- 
tained in the old "absurd" hypothesis, 
while it complicates the problem by com- 
pelling us to consider not only the attrac- 
tion of the sun 01' moon, but also the antag- 
onizing force which prevents the earth from 
moving in the direction of the attracting 
body. It is true that by an ingenious mis- 
statement of his own theorv the writer avoids 
what to him seems paradoxical in that which 
he rejects. One of the tides-that on the 
side of the earth facing the disturbing body 
-he tells .us, is produced by centripetal, 
the other by centrifugal force. In an ex- 
planatory paragraph he admits, althou
h 
he does not distinctly state, what is the fact. 
viz., that in each case coinciding effects are 
produced by simultaneous variations in op- 
posite directions of both these forces. Rec- 
ognizing, however, the supreme value of 
directn('
s and simplicity of f'tatemcnt in 
all popular expositions of scientific truth, 
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we are disposed to overlook inaccuracies 
such as these, lying merely on thc surface. 
It is otherwise with anythin cr that betrays 
confusion of thought in regard to the funda- 
mental elements of the problem. This, it 
seems to mc, the writer has done in ascrib- 
ing to centrifugal force a primary place in 
the - causation of tides. It is only as the 
waters upon the earth's .surface have free- 
do
 of motion-are actcd upon, therefore, 
as mdependent of the earth's mass-that 

ides are possible. On the other hand, only 
III so far as the waters takc up by friction 
and cohcsion of their particles the motion 
pmper to the pOltion of the solid earth un- 
derlying them, wiJl they acquire the in- 
creased tangential momentum which consti- 

u
es the so-called centrifugal force. \Vhen 
It IS understood that the force in question 
operates only in this. indirect manner it be- 
comes plain that it ought not to be 
lassed 
with gravitation as a primary cause of the 
tides, but rather with tbe rotation of the 
earth as an important secondary factor 
necessary to be studied in tracing out th; 
actual operation of their real cause. 
The new mode of explaining the ob- 
served phenomena is, howcver on the whole 
q
ite . intelligible and satisfactory in its ap
 

.llCatIOn to the solar tides. It requires a 
greater effort of the imagination to see ex- 
actly 
ow the same principles operate in the 
causatIOn of the lunar tides. It is easy to 
understand how centrifugal force will pre- 
dominate on the side of the earth opposite 
the moon, and how the waters on the nearer 
side will tenrl to insphcre themselves about 
the centre of gravity of the rotatiIlO' system 
a point only 2,687 miles from th
 earth'
 
centre. There is some difficulty in taking 
on trust the statement that the earth will 
feel on the side facing thc moon a centripe- 
tal force equal to the centrifuO'al force which 
i
 said to cause the tide o
 the opposite 
sIde, when we remember that the moon it- 
self is a part of the rotatinO' system and 
must itself claim a shar'e, how
ver smail, of 
the forccs, centrifugal and centripetal whose 
balancing equivalents are to be sought on 
the remote side of the earth. And it is far 
f
om c
car to thc tyro in mathematics why 
hIgh tIde should occur dir'cctly under thc 

oon,. where centrifugal force, acting in n. 
directIon away from the earth's centre is 
but slight, while centripetal force, acting in 
tlle opposife direction, is at its maximum so 
far m
 it is dependent on' proximity to the 
c.entre of rotation. Although the explana- 
tIon of this latter apparent paradox is by 
no means difficult, it will certainly prove to 
many a 
ertile source of perplexit)-. 
The mterest I have myself taken in ap- 
plying Prof. Schnéider's hypothesi
 to the 
numerous practical problems which arise 
the m
ment we pass in our study from hy- 
pothetICal tidal wavcs to the actual move- 
ment of the waters of existing oceans, has 
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led me to jot down the above points in the 
way of friendly criticism. For the rest I 
would rather listen to some abler critic. ' 
A. B. Lyoxs, M. D. 
DETROIT, June 27, 1877. 


THE NEW IDEAS ABOUT SPACE. 
To the Editor of tlle Popular Science 1Jfonthly. 
DEAR SIR: The letter of Prof. G. B, 
Halsted, of Jobns Hopkins Unh-erf:ity, in 
your. nu
ber for July, 1877, in regard to 
the lluagmary geometry of Gam
s, Loba- 
tchewsky, and Beltrami, brings to my mind 
the fact that there is no necessary truth in 
many t.hings that we have regarded (at least 
we 
athell1atieiaDs) as necessary truths. 
. SIr George Airy investigated the conc1i- 
tlO.ns undcr which perpetual motion might 
eXIst (Cambridge "Philosophical Transac- 
tions," 1830, yol. iii., pp. 369-372). 
" 
e1V
o
'
, notion.. of negative density 
( PrmClpla
 book 11., sec. ii., prop. x.) is 
another case. 

aplace, i!l the "
Iécan
qt1e Céleste," 
has mdulged In a remarkable speculation as 
to what the laws of motion would have been 
if momen.tum, icstead of yarying simply as 
the velocIty, bad been a more complicated 
function of it. 
These things spcm to overturn currcnt 
metaphysics, and that is about all the good 
in them. Yet Reid, in what he cans the Ge- 
ometry of Yisibles, chapter xli. of his" In- 
quiry," raised a question of like nature. 
Hamilton, as noticed by Georp-e Lcwes 
("Problems of Life and :Mind," 1'01. ii. Ap- 
pendix), has avoided any comment. ' 
By reason of the superb contempt which 
this extraordinary man affected for niatlH'- 
matics, I presume he thought it bencath his 
notice. Your obedient servant, 
LEWIS KEXXOX, M. D. 
FORT BAYA1tD, NEW MEXICO, July 29, 1
71. 


TIlE WOODRUFF SCIENTIFIC EXPEDI- 
TION. 
"TE give below an important letter from 
Prof. 'Yilder, of Cornell University, on the 
,y oodruff Scientific Expedition, and would 
call the attention of those interested to the 
assurances it contains concerning the op- 
portunities for study and the facilities for 
original work which the expedition is expect- 
ed to afford. Prof. 'Yildcr is a member of 
the faculty of scientific instructors, and also 
one of the trustees of the expedition. The 
letter, as will be seen, is in response to our 
inquiries: 
To the Editor of the Po-pular Sdellcl3 .2JIOf1!1J. J y. 
SIR: In an
wering your infJuiry as to 
the nature and extent of 
dentific work to 



75 0 


THE POPUL.AR SCIE1VGE }'IO
Y'THLY. 


be attempted on the 'Yoodruff Expedition, 
and the facilities therefor, I must premise: 
fh'st, that the published list of professors 
does not include several who are expected 
to conduct special department::; of botany 
and zoü}ogy; second, that the faculty have 
had no official conference, so that I can 
speak only for myself. 
My own duties will include-I. General 
lectures on the habits and structure of ver- 
tebrates. These will be nearly free from 
technicalities, so as to be intelEgible to all. 
2. Special mstl'uction of those who may 
wish to go more deeply in certain directions; 
this by superintendence of dissections, and 
occasional lectures. 3. Instruction in meth- 
ods of collecting, preparing, and pre::;ervil1g 
specimens. 4. Preparation of, and research 
upon, embryos, brains, hearts, and other 
soft parts, which are usuall)' neglected by 
foreign collectors. 
The students \vill provide their own dis- 
secting instruments, cans, and preserva- 
tives; but, as stated on page 21 of the an- 
nouncement, the management engages to 


furnish a library and apparatus for Instruc- 
tion. 
I understand such requisite apparatus 
to include nets, dredges, and sounding ar- 
rangements, chemical and physical instru- 
ments, microscopes, diagrams, blackboards, 
stereopticon, and the means of preserving 
certain typical forms for illustration of lect- 
ures, 
To insure the fulfillment of the promises 
made in the announcement, the trustees are 
to control the transfer of the fees to the 
director. The tru'stees are also members of 
the faculty, and their interests are therefore 
identified with tl1o::;e of the students. 
From what I know or have heard of 
those concerned in the management of the 
expedition and the instructiou, I feel confi
 
dent that all possible facilities will be af- 
forded for the acquisition of general infor- 
mation, and for the pursuit of speciallilH's 
of investigation. 
RespectfulIy yours, 
BURT G. 'Y ILDER. 
ITHACA, 
EW YORK, September 1, lSï1. 
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C.lIlPE..VTER ON SPIRITC"ALISJI. 
T IlE recent publication of Dr. Car- 
penter's little volume entitled 
"l[esnlerism, Spiritualism, etc., His- 
torically and Scientifically Consi<;lered," 
has given a renewed impulse to the dis- 
cussion of this fmbject, and called out 
the strongest champions of the doctrines 
as
ailed. 'Ye have been accused of un- 
fairness in not opening the columns of 
the )I05TTIL y for the spiritualists to 
present their siùe of the question; and. 
so we print two replies to Dr, Carpen- 
ter, one English and the other Ameri- 
can, by distinguished representatives of 
the spiritualist party. In TIlE POPL"LAR 
SCIEXCE 
UPPLE}IE:YT, No. V., appears 
the answer to him made by ?\Ir. A. R. 
Wallace, in the Quarterly JournrÛ of 
Science,. and in our present number 
the reader will find an original con- 
tribution, to the same purpose, by 
Dr. J. R. Buchanan, well known for 
the la
t thirty year
 as an eminent 
investigator and expositor of the so- 
called spiritualist phenomena. Dr. Bu- 
chanan is one of those who objected 
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to our editorial course on tllis que::;tion 
as one-sided 
nd unjust. Not liking 
this imputation, we offered him space 
in our pages to answer Dr. Carpenter, 
He accepted the offer, find we fulfill 
our promise. How far his article is to 
be regarded as a reply to the' reasoning 
of Dr. Carpenter, or as convicting him 
of error, win probably be a contested 
question with different classes of read- 
ers; but be has, at all events, given us 
his very decided opinion of that gentle- 
man, his book, and his l1ackers. We 
fear, however, that the critic 11aS for- 
gotten, for once, that denunciatory epi- 
thets, llOwever profuse and peppery, 
are not arguments. Dr. Buchanan 
seems to have vividly remembered an 
the hard hits that he find l1Ïs coaùjutors 
have received from scientific writers, 
and is bent upon using the opportunity 
to get even with them. This is laud- 
able eñough, within judicious limits; 
ye
 incontinence of vituperation is a 
symptom of weakness. Besides, some- 
thing is due to self-respect; and if we 
thought Dr. Carpenter was the silly, 
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narrow-minded, muddle-beaded, pre- we do not understand; yet some things 
tentious, and insolent imbeci]e that Dr. are known, and with so high a degree 
Buchanan intimates, we would try and of certainty that we can rest in tliem 
find better o
cupation than troubling with profound assurance that no fu- 
ourselyes about his obsolete trash. ture extension of knowledge can falsify 
Dr. Buchanan opens his batteries them. 
against the materialist
, but luight he. Dr. Carpenter Inaintains, and we 
not as well have left this to some irate think rightly, tlwt there is a strong bias 
theologian? This polemical da
h can- in scientific minds in favor of the in- 
not be effective against Dr. Carpenter, fl
xibleness of natural laws which the 
who is certainly no materialist, either spiritualists do not share. His language 
by his own avowal, by the tenor of his is, that "it is quite legitimate for' the 
writings, or their common interpreta- inquirer to enter npon this study with 
tion. On the contrary, he is a religious that' prepossession' in favor of the as- 
man, who l130s written copiously and certained and universally admitted lfiws 
cogently against materialism. The term of Nature, which bel ievers in 8piritual- 
materialism, skillfully used, is no doubt ism make it a reproach against men of 
a good controversial weapon for popu- science that they entertain." Both our 
1301' effect, but in the hands of Dr. BU- I critics resent this imputation upon" be- 
chanan it loses its edge, as he seems to lie vel'S in spiritualism." Mr. Wallace de- 
regard all science which limits itself to dares it to be "unfounded and totally 
the investigation of Nature in its ordi- false;" and Dr. Buchanan affirms spir- 
nary aspects as materialistic. itualists to be " the foremost of all men 

. e cannot here go into this contro- I in insisting on the universal inviolabil- 
versy, but may briefly refer to what we ! ity of aU the laws of Nature, extending 
regard as one of its primary issues. At I their illfrangiLle power not only over 
the threshold of the subject we en- an physical phenomena, but througllOut 
counter the questions, 1\"hat is Nature? I the equally extenÜve psychic realm." 
1Yhat are the limits of its laws? and, It is obvious that Dr. Buchanan here 
"hat weight, or logical force, is to be 
 uses terms to suit himself, as he hJ'jyeS to 
allowed to the conception of the laws I , the phrase" laws of Nature" a mean- 
of Nature? 1Yhen observation, experi- I ing very different from its established 
n1ent, and reason, have concurred ih scientific significance, In its scientific 
establishing a principle w!tich may be sense, the term " Nature" designates 
always verified and found to be con- that sphere of phenomena, material and 
stant, what is the degree of firmness Inental, of which we have constant ex- 
with which it is to be held? Science perience, which is accessible to the hu- 
recognizes the laws of Nature as so man faculties, and wlÜch by its order 
fixed and fnndmnental that the well- becomes a subject of methodical know 1- 
trained mind must be under an over- edge; Wline the Jaws of Nature arc the 
whelming predisposition in regard to nniformities of action that are coexten- 
them. Hence, when marvelous stories sive with this spl1ere. To this tract Dr. 
are told of the violations of these laws, Buchanan annexes a "psychic realm," 
the tendency of such minds must be to meaning' thereby, not the common 
put them aside as unwo
.t11Y of atten. splwre of mind which is already en1- 
tion. They cannot be entertained as Lraced by. the term "X ature," but a 
against the demonstrated uniformities super-mundane, extra-material, preter- 
of the natural worlù. 
rnch in regard natural, or spiritual world, above and 
to Nature i:;, of course, unknown; what beyond the sensuous order. This Sl1- 
we under
tand may be as but a few pernal region he claims to bring under 
drops to the ocean in relation to wllfit the operation of the laws of Nature, 
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and therefore to make it a part of Na- 
ture, which we hold is simply to con- 
fnse all distinctions and confound the 
natural with the supernatural. Dr. Bu- 
cluman cannot do this in the name of 
science, for science itself has only come 
into existence by marking off the nat- 
ural from the supernatural, and it be- 
longs by its very essence and origin to 
one term of this contrasted relation. 
We cannot undo the great work of sci- 
ence, and cancel all that has been gained 
in the intellectual progress of n1ankind, 
by going back to primitive times when 
the natural and the supernatural were 
all mixed up, and nothing was known or 
snspected of such things as the la \vs o
, 
Nature. It was then believ..rd that, 
there exists an upper s.phere inhabitßd 
by gods who interfered as they cl10se 
with earthly matters; the spiritualists 
now believe in a corresponding ghost- 
realm, inhabited by disembodied spirits, 
who have still the power of meddling 
with the course of terrestrial affairs. 
This ultra - material realm, it is 
claimed, is lnanifèsted by material ef- 
fects. But it is not by those effects. 
which occur regularly and uniformly, 
and to which we give the name of 
laws, that it is the office of science to 
trace out. These are not attributed to 
spiritual agencies. The spirits arc nev- 

r alleged to be the causes of cohesion, 
refraction, digestion, gravity, or any 
of the lnatter-of-course operations that 
go on around l1S. They are only dis- 
closed to us by striking, wonderful, 
exceptional, or miraculous manifesta- 
tiODS; that is, the common order of 
Nature gets along without them, and 
they are only known by breaking 
through it. I n Nature we see with our 
eyes; in the '" psychic realm" men are 
said to see with the backs of their 
heads. In 
 ature tables remain at rest 
upon the floor forever unless some 
definite terrestrial force is applied to 
move them; in the "psychic realm" 
they travel about or rise to the ceiling 
without the inten"ention of any earth- 


ly m
use. In Nature a bouquet will not 
pass th rough" the "Woody barrier of a 
door, or the resisting masonry of a 
wall; in the " psychic realm" "a large 
bunch of hollyhocks, asters, laurels, 
and other shrubs and flowers," is mys- 
teriously spirited into a house without 
coming through the usual openings in 
the usual way by which material bodies 
are transferred. In Nature, if a man 
unguardedly loses his balance in a win- 
dow, he falls to the earth; but in the 
"psychic realn1" Mr. Home" floats in 
the air by moonlight out of one win- 
dow and in at another at a height of 
seventy feet from the ground." In N a- 
ture, if we wish to go to a house, we 
Inust walk t11ere or get a con\.eyance 
to be carried, and then can only get in- 
side by the opening of some passage of 
entrance; but in the "psychic realm" 
. buxom 
Irs, Guppy "sails through the 
air aU tho way from Highbury Park to 
Lanlb's Conduit Street, and is brought 
by invisible agency into a room of which 
the doors and windows were closed and 
fastened, coming plun1p down in the 
midst of a circle of elmTen persons who 
were sitting in the dark shoulder to 
shoulder." 
Can those who believo these things 
be said to maintain the laws of Nature? 
Certainly not, in any such sense as that 
which science affirms. The spiritual- 
ists say that these apparently miracu- 
lous effects are not really miraculous, 
but are simply the consequenres of 
l1igher la-ws of N aturo by which the 
lower ordinances of the material sphere 
are O\Tercomc. But it is dear that be- 
fore the man of science can a.ccept such 
astounding propositions he mu
t give 
to the winds all those laws of the natu- 
ral world which he has been accuston1ed 
to regard as of demonstrated constancy. 
. In life, by all his resources, the most 
gifted man ca.nnot suspend the opera- 
tion of graYity upon a single particle 
of matter by an infinitesimal fraction. 
But when he dies we are taught that 
his ghost can cOllle llack, and sn
pend 
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" In the three earlier decades of this cen- 
tury it was the common belief, in this coun- 
try at least, shared by men of science as 
well as by the larger body of persons who 
had given no special attention to the sub- 
ject, that the various forms of plants and 
animals recognized by naturalists in their 
systematic arrangements of genera and spe- 
cies were permanently fixed and unal
r- 
able; that they were not subject to greater 
changes than might occur as occasioual va- 
riations, and that such was the teudency to 
the maintenance of unifoflnitJ' in their spe- 
cific characters that, when varieties did 
arise, there was a natural disposition to the 
return, in the course of succeeding genera- 
tions, to the fixed form and nature supposed 
to belong to the parental stock; and it was 
also a necessary part of this view of tIle per- 
manency of species that each was considered 
to have been originally produced from an 
individual having the exact f01"m which its 
OUH readers will well remember the de
cendants e\'Cr afterward retained. To 
. d 1 t I P f this scientific dogma was further added the 
row occaSlOne 8S year w }en 1'0. . 1 .. . h . tl . f 
quasl-re 10'1OUS VIew t at, III 1e exerCise 0 
Huxley said that the evidence of the infinite wisdom and goodness, the Creator, 
truth of evolution n1ust be accepted as I when he called tlle successive species of 
demonstrative. We mark with interest plants und animals into exil:;tence, conferred 
the decisive indications that are accumu- upon each precisely the organization and 
I t .. fi t. f P f II I ' the properties adapting it best for the kind 
a I

 In con rma lOn 0 . ro. ux ey s of life for which it was designed in the gen- 
p()
ItlOn. Another Presldent of the eral scheme of creation. This was the older 
Brit,ish Association for the Advance- doctrine of' Direct Creation,' of' Teleologi- 
ment of Science has 
p()ken upon the cal Relation,' and of 'Final Causes;' and 
subject, under the responsibilities of those only who lW.ve known the fi
m II.old 
his distinguished position, and in entire which such views lw.d oyer the public mmd 
- . 
 in pa!"t times can understand the almost LU- 
corr?bOratlOn of the avowals of ornler qualified approbation with which the reason- 
presIdents of that body for the la
t in!! on the!"e que
tions in writings like the 
dozen years in relation to this question. 'Bridcrcwater Treatises' (not to mention 
nis indorsement of evolutionary doc- older books on natural thcolog)-) was re- 
trine is emphatic and unqualified. Prof. ceived in their time, as well as the, ery ?p- 
Allen Thomson has been well known posite feelings <'xcited by every work wInch 
. I . f b . I P resented a different view of the plan of 
as an enunent cn tIvator 0 10 ogy ; . 
creatlOIl. 
but he comes forward now as a new " 011 the Continent of Europe, it is true, 
authority, and win be listened to with- some bold speculators, such as Goethe, 
out the pn'juùice which attaches to the Oken, Lamarck, and Geoffroy St.-IIilaire, 
names of those men who have been in had in the end of the last find commence- 
VOL. XI.-48 


the action of gravity, in a way to ex- 
cite the astonishment of whole cireles. 
And this miraculous prerogati ve, we are 
told. is, ibelf, but an exemplification of 
natural law. But, assuming the truth 
of the spiritualist's view, we have sim- 
ply corne to an end of natural la "Y. If 
the wonders alleged he true, where is 
the basis of trust in the regular course 
of Nature? If the uniformities of phe- 
nomena that science assumes to have 
discovered can, as a nlatter of fact, be 
disturbed by the capricious incursions 
of unseen beings, then there are no 
such uniformities; and the conception 
of law, instead of being the lllOst fun- 
damental conviction of the scientific 
mind, is an illusion to be abandoned. 
Anxiety about the constancy of these 
laws is, however, the last thing that 
troubles scientific men, an(l their repose 
of mind upon this subject sufficiently 
accounts for their general indifference 
to the claims of spiritualism. 
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the thick of the fight for the last twenty 
years. The topic of the pr
sidential 
address is the "Development of the 
}""'orms of ...\.niInal Life," and we here 
quote the OpcllinS pa
sage8, describing 
the rernarkable change in the manner 
of viewing biological questions which 
has taken place during tIle last half- 
century. President Thomson says: 
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ment of this century broached tbc doctrine I feelings, amounting- almost to horror, which 
that there is in Jiving beings a continuous they at first pr09.uced in the minds of those 
series of grada.tions as weU as a consistent to whom they were equaHy unfamiliar and 
and general plan of organization; and tbat suspicious; and that even in popular 1itera- 
the creatiol1, therefore, or origin of the ùif- ture and ephememl effusions direct or met- 
ferent forms of plunts and animals must have nphorical illustrations are drawn in such 
been the result of a gradual process of dc- terms of the Darwinian theory as 'struggle 
velopment or of derivation one from another, for existence,' 'natural selection,' , survival 
the whole standing connected tegethcr in of the fittest,' 'heredity,' 
 atavism,' and 
certain causal relations. But in Britain such the like. 
views, thou
h known and not altogether re- " It cannot be doubted that in this coun- 
pulsive to a few, obtnined little favor, and, try, fiS on the Continent, the influence of au- 
by some strange process of reasoning, were thority had much to do with tb8 persistence 
looked upon by the great majority us little of the older teleological viev;s; and, us has 
short of impious questionings of the supreme been well remarked by Haeckel, one of the 
power of the Almighty. ablest and keenest supporters of the modern 
" How different is the position of matters doctrine, the combined influence more espe- 
in this respect in our day!-when the cau- cinIlyof the opinions held by three of the 
tious naturalist receives and adopts with greatest naturalists and biologists who h3.Ye 
the greatest reserve the statement of fixed ever lived, viz., Linnæus, Haller, anù Cu- 
and pt'rmanent specific characters as belong- vier, men unsurpassed in the learning of 
ing to the different forms of organized beings, their time, and the authors of important dis- 
Hnd is fully persuaded of the constant tcn- coveries in a wide range -of biological sci- 
deney to variation which all species show cnce, was decidedly adverse to the free cur- 
even in the present condition of the carth, rent of speculative thought upon the more 
and of the still greatcr liability to change general doctrines of biology. And if it were 
which must have existed in the earlier pe- warrantable to attribute so great a change 
riods of its formation-whcn the belief pre- of opinion as tlJat to which I have adverted 
vails that so far from being the direct prod- as occurring in my own time to the influ- 
uct of distinct acts of creation, the various ence of any single inteHcct, it must be ad- 
forms of plants and animals have been grad- mitted t11at it is ju
tly due to the vast rang-e 
ually evolved in a slow gradation ofincreas- . and accuracy of his knowledge of scientific 
ing complexity; and when it is recognized facts, the quick appreciation of tlleir mutual 
by a large majority of naturalists that the interdependence, and above a11 the un exam- 
explanation of this wonderful relation of pled clearness and candor in statement of 
connection between prcviously-existing and Charles Darwin. 
later forms is to be found in the constant " But while we readily acknowledge the 
tendency to variation during development lnrge share which Dnrwill h'as 11ad in guiding 
and growth, and the perpetuation of such va- scientific thought into the newer tracts of 
riations by hereditary transmission through biological doctrine, we shall also be dif;posed 
successive generations in the long but in- to allow that the slow and difficult process of 
calculable lapse of the earth's natural muta- emancipation from the thralldom of dogmatic 
tions. These, as you must all be aware, are opinion in regard to a system of creation, 
in their e
sential features the views now and the adoption of large and independent 
known as Darwinism, which were first siniul- viewi more consistent with observation, rea- 
taneously brought forward by WaIlacc and son, philosophy, und religion" has only been 
Darwin in 1858, and which, after being more possible under the effect of the general pro
- 
t'i.11Iy elaborated in the works of the latter ress of scientific knowled
e and the acquisi- 
and ably supported by the former, secured, tion of sountler methods of applying its prin- 
in the incredibly short space of tcn or twelve ciples to the explanation of natural phenom- 
years, the general approval of a lar
e por- ena." 
tion of the scientific world. The change of 
opinion is, in fact, now such that there are 
few scientific works on natural his
ory, 
whether of a special or more general charac- 
ter, in which the relation which the facts of 
science bear to the newer doctrines is not 
carefully pointed out; that, with the gen- 
eral public too, the words' Evolution' and 
'Deyelopment' have ceascd to excite the 


President Thomson's address con- 
cludes with the following worùs: "I 
consider it imposbible, therefore, for 
anyone to be a faithful student of enl- 
bryology, in the pre
ent state of science, 
without at the same time becoming an 
evolutionist. There may still be many 
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difficulties, SOIne inconsistencies, and 
much to learn, and there may remain be- 
yond much which we shall never know; 
but I cannot conceive any doctrine pro- 
fe
sing to bring the phenomena of em- 
brJonic development within a general 
law whicL is not, li
e the theory of 
Darwin, consistent with their funda- 
mental iùentity, their endless varia- 
bility, their subjugation to varying ex- 
ternal influences and conditions, and 
with the possibility of the transmission 
of the yital conditions and properties, 
with all their variations, from indi- 
vidual to individual, and, in the long 
lapse of ages, from race to race. 
,. I regard it, therefore, as no ex- 
aggerated representation of the present 
state of our knowledge to say that the 
ontogenetic development of the indi- 
vidual in the. higher animals repeats in 
its mOI'c general character, and in many 
of its specific phenomena, the ph:rloge- 
netic dcvelopment of the race. If we 
admit the progressive nature of the 
changes of development, their similar- 
ity in different groups, and their com- 
mon characters in nIl animals, nay, 
even in some respects in both plants 
and animals, we can scarcely I'efuse to 
recognize the possibility oÎ continuous 
derivation in the history of their origin; 
and however far we may be, by reason 
of the imperfection of our knowledge 
of paleontology, comparative anatomy, 
and embryology, from realizing the pre- 
cisc nature of tbe chain of connection 
by which the actual desC'ent has taken 
place, still there can be little doubt re- 
maininO' in the mind of any unpreju- 
b 
diced student of embryology that it is 
only by the cmployment of such an hy- 
pothesis as that of evolution thnt fur- 
ther in\Testigation in the5e several de- 
partmentR will be promoted so as to 
bring us to a fuller comprehension of 
the most general law which regulates 
the adaptation of structure to function 
in the universe.'. 
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TIlE DECLINE OF PARTIES. 
WE print the able and suggestive 
essay of Prof. Goldwin Smith on "The 
Decline of Party Government." He 
opens an interesting- question, which, 
in one shape or another, is bound to 
force itself more and more upon think- 
ing people, The customary short lo
ic 
of the case is that we cannot have gov- 
ernment without politics, and we, can- 
not ]lave politics without partisanship 
 
this is, therefore, a necessary th:ng, 
which must hold the same ascendency 
in the future that it has held in the 
past, so that nIl ideas of doing without 
it are futile, and aB inquiries respecting 
its decline 
uperfluous. '\Ve do not snp- 
pose that political parties are to cease, 
or that partisans have the slightest occa- 
sion for anxiety respecting their contin- 
uance; but we do not believe that the fu- 
ture is to repeat the past in this nlatter. 
The progress and diffusion of science, the 
formation of scientific habits ofthonght, 
and an increasing faculty of observing 
and reasoning directly upon the facts of 
life are going to interfere materially 
wi
h the ideas and interests of politics. 
Thus far politics has been a blind and 
bungling art, necessary indeed, but so 
crude, loose, and wasteful in its prac- 
tices, and so nluch a matter of rule-of- 
thumb and transient experience, and 
the m
nipulation of men, that all idea 
of far-reaching principles in the polit- 
ical sphere is currently scouted, Yet 
this is not the region of chaos, and 
there are laws in political phenomena, 
deeper than legislative enactments. 
These are to be graduaHy worked out 
into scientific expression, and in pro- 
portion as this is don
 political part
- 
sanship must undergo Important modI- 
fication. It may be, as Prof. Smith as- 
sumes, th
t parti
anship must decline 
for lack of serious is
ues upon w]lÌch 
multitudes of men can be kept in prop- 
er antagonism. But we calculate upon 
a growi'ng dissatisfaction with tIle meth- 
ods by which the most valid political 
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questions are dealt with. The assertion 
of principles and the advocacy of meas- 
ures must ,continue to be indispensable, 
and there cannot fail to be differences 
of opinion; but partisan ethics demands 
denial as well as affirmation, and denial 
as a matter of policy. It proYides for 
opposition, and of course dreads acqui- 
escence and agreement. As a work 
of dealing with serious questions, this 
policy cannot continue to command 
respect. Indeed, there is already a 
growing disgust in the community at 
the emptine
s and futility and hum- 
bug of po1itical partisanship. Men of 
honest purposes and fair discrimination 
will not go to the polls to vote unless 
overborne and swept along by a fac- 
titious excitement. We arQ told that 
good lllen should attend primary meet- 
ings, 80 as to rescue politics from the 
corrupt bands into which it bas fallen. 
But it is a grave question whether it 
bas not fallen into such hands by the 
necessary laws of partisanship. What 
is the chance of a plain, honest nlan, ac- 
customed to open dealing, in a caucus 
or convention against the skilled in- 
triguers, the practised wire-pullers, and 
the disciplined managers, whò fill the 
air with their cries of "reform," and 
outdo everybody in their zeal to purify 
politics? The stealthy, long-headed cal- 
culator beats the nlan of inexperience 
at every tack and turn; and party poli- 
tics is peculiarly the field where craft, 
manæuvre, and strntegy, have their un- 
hinùered way. This is being increas- 
ingly recognized, and there is coming 
with it a deepening distrust of parti- 
san agency. To get everything decent 
out of politics as quickly as possible is 
now the open demand. Courts, schools, 
prisons-all the important agencies of 
society-rnust, it is admitted, be taken 
out of politics, if their purity and effi- 
ciency are to be maintained; and even 
the chief office"-holder of the nation 
heads a crusade to get all the office- 
holders of tht:} country out of politics. 


Citizens may be expected to imitate 
this good example, and more and more 
get out of politics themselves. 


Fl:RTDER ASTRONOJIICAL DISCOVERIES. 
THE luck of successful research seems 
now with the astronOll1ers. Last month 
we announced. the brilliant discovery 
of oxygen in the atmosphere of the sun 
by Prof. Henry Draper; and we have 
now to chronicle the equally brilliant 
discovery of two satellites of Mars by 
Prof. Asaph Hall, of the Naval Obser- 
vatory at 1\T ashington ; anù also of a 
third moon of Mars discovered ten days 
later by Profs. Henry Draper and E. H. 
Holden at the private observatory of the 
Drapers, at IIastings-on-the-Huùson. 
'Ve pu blish an interesting article, by 
Ptof. Daniel Kirkwood, on "Mars and 
his Satellites," giving an account of the 
growth of our know ledge of the planet 
and the particulars of Prof. Hall's dis- 
covery of his moons. 
As Prof. Kirkwood remarks, the 
question whether .Mars had a satellite, 
which has now been so remarkably re- 
solved, has long interested astronomers. 
How they have regarded it may be il- 
lustrated by the following passage frOlll 
the third edition of )11'. Chambers's ad- 
mirable "Hand-book of Descriptive As- 
tronomy," published this year: 


" As fur as we know, Mars possesses no 
satel1ite, though analogy does not forbid, 
but rather, on the contrary, leads us to infer 
the existence of one; -and its never having 
been secn, in this cuse at lens't, proves noth- 
ing. The second sntellite of Jupiter is 
only 'i"l'J of the Jiameter of the primary, and 
a satellite -l! of the diameter of 
Iars woulJ 
be less than one hundred miles in diameter, 
and therefore of a size barely within tho 
reach of our largest telescopes, allowing 
nothing for its possibly close proximity to 
the p1anct. The fact that one of the satel- 
lites of Saturn was only diRcovered a few 
years ago renders the discovery of a sate1lite 
of :\1 ars by no means so great an improbabil- 
ity as might be imagined." 
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is specially prepared for the boy or girl 
student and for the teacher who has no ap- 
paratus, and who wishes his pupils to be- 
E"'{PERIMEXTAL SCIEXCE SERIES }i'OR BEGlN- come experimenters, strict reasoners, and 
NERS. LIGHT: a Series of Simple, En- exact observer!:!. Nearly aU the experi- 
tertaining, and Inexpensive Experiments ments described are new, and aU have been 
in the Phenomena of Light, for the Use thoroughly tested. The materials employed 
of Students of every Age. By ALFRED 

I. .MAYER and CHARLES BARNARD. New are of the cheapest and most common de- 
YOï:'k: D. Appleton & Co. Pp. 112. ,scription, and all the experiments may be 
Price, $1. . performed at an expense of less than fifteen 
THE expensiveness of apparatus has dollars. The apparatus is at the same time 
long been felt as a formidable difficulty in suitable for regular and daily use iJ? both 
the home and schoo!, and with care should 
the effort to make scientific education popu- 
last for years." 
lar and practicable. There i:-:; double hin- 
drance here; the in8truments of experiment It is proper to add, in explanation of 
are so costly that they cannot be procured the joint authorship of the work, tllat Prof. 
fì -. Mayer has been long busy in inventinO' 
or common use, and because of thIS expen- . ð 
S . S th b t b k t . fì I sImple and cheap apparatus to help teach- 
rvenes ey ave 0 e ep III care u . 
h .. ers and pupils in the art of experiment- 
c arge, so that ordmary pupIls cannot use :..' .. . 
th d t t t th I I mg, but, bemg greatly occupIed wIth hIS 
em, an mus con en emse yes mere y I 
t 1 I d th 1 B h professional duties, he made an arranO'e- 
o 00 \: on an see 0 ers wor \:. ut W at. ð 
. t d . d . bl . I t 11 h ment wIth Mr. Charles Barnard to a:::sist 
IS wan e m Ispensa y IS, t la ate stu- .. .. 
d t h 11 b tl 1 t t . k I 11 I hIm III preparmg hIS results for the press. 
en s s a e lemse ves pu 0 wor 
 ; s la . - 
b t t k . . d b All the contrivances and inventions for il- 
e se 0 ma ll1g experIments, an 0 serv- . . 
. d . tl ' fì h 1 Tl lustratmg experIments helong to Prof. 
mg an provmg ungs or t emse ves. Ie 
b t I t 1 I h . h '!fayer; :Mr. Barnard haR attended to the 
o s ac es 0 suc 1 a course lave It erto .. . 
b t d I h . 1 I detaIl III the executIOn of the bouk, while 
een so grea an EO genera t at PUPI S . .. 
h h d b t 1 . I h I . Prof. Mayer has mamtamed a close super- 
. ave a u Itt e C ance to cu tIvate ma- .. f . I I 
. I . . VISIOn 0 t Ie wor \:. 
mpu atIOn; and but few schools, In fact, 
have been able to procure the instruments 
requisite for de17l0nstration on the part of 
the teacher. To remedy these difficulties 
and point out not only how scientific ap- 
paratus for physical experiments can be 
cheaply made, but how much the pupil can 
do to Ilf'lp himself in the matter, Prof. 
}Iayer, of the Stevens Polytechnic Insti- 
tute, has undertaken a series of little books, 
of which the first is now publisbed. His 
choice of a snbjeet to begin with is most 
fortunate. The phenomena of light are at 
once familiar and attracth"e, are always 
available, and admit of appliances for iHus- 
tration of the most simplified and inexpen- 
sive character. 'Ve give ample iUu
tra- 
tions of this in another article of the 
IOXTH- 
LY, from which the reader will see how 
much can he done in the way of careful 
experimental work for the illustration of 
the principles of optics, ",,'ith but a small 
O.UtIa
T of money aJ
d but little trouble. 
The authors say in the preface: "It is 
believed that this book will occupy a place 
hitherto unfiHed in scientific literature. It 
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REPORT OF THE COMMISSIONER OF FISH AND 
FISHERIES. Part IlL, for 1873-'74 and 
1874-'75. 'Vashington: Goyernment 
Prin ting -Office. 
I
 this report Prof. Baird gives the re 
suits thus far obtained in the inquiry into 
the decrease of food-fishes, and the efforts 
to protect and propagate them in American 
waters. The work in which the commission 
is engaged is an important one; it has been 
pushed with vigor, and with results which 
upon the whole are encouraging. The ex- 
tent to which fish can be made to contribute 
to the food-suppl}' is not genera1Jy appre- 
CIated. It is not alone the fisheries of the 
coast
 and the Great Lakes that may be made 
to have value, hut every mile of river and 
creek, and every pond and eyen ditch, may, 
with proper management, be made to con- 
tribute toward supporting a stock of fish. 
They mana
e these things better in China, 
and have carried pisciculture to an e
tent 
unknown among ""estern nations. 
1\bny of the indigenous game-fi
h de- 
cline to adapt themselves to the changed 
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)nditions resulting from civilization-they that the progress of mankind has been from 
gradually disappear from the streams, and the bottom of the scale, and that "the 
('ven if they.did not are often greedy, car- theory of human degradation, to expl
in 
nivorous savages, who effectuaJIy bar a great the existence of savages and barbarians, is 
increase of numbel's, especiaJIy in BmaJI wa- no longer tenable." It is shown that human 
tel'S They must be replaced by species progress has been essentially continuous, 
that take more kindly to cultivation-that and that there is a commOll principle of in- 
may be domesticated. The trout seems telligence in the savage) the barbarian, and 
well adapted to pond-culture, and its merits the civilized man. As a consequence of 
are weJI known. Prof. Baird also ranks the this) the same results have appeared at aU 
European carp very highly in this connec- times and in all areas under the same eth- 
tion, and believes that for propagation in nical conditions. "The roots of modern ill- 
ponds and sluggish waters, both North and stitutions," the author observes, "are 
South, it will excel all others. Its good planted in the period of barbarism, into 
qualities are: fecundity and adaptability which their germs were transmitted from 
to the processes of artificial propagation; the previous period of savagery. They have 
hardiness, rapid growth, and ability to popu- had a lineal descent through the age
 with 
late waters to their greatest extent; harm- the streams of the blood, as well as a 10gi- 
lessness in relation to other fishes, living cal development." 
largely on a vegetable diet; and good table The subject is considered by the author 
qualities. under these four heads: 1. Growth of In- 
The volume is largely occupied by sup- telligence through Inventions and Discov- 
plementary papers of unequal value: ac- cries; 2. Growth of the Idea of Govern- 
counts of the fish-industries of other ages ment; 3. Growth of the Idea of the Family; 
and countries; reports of the special ef- 4. Growth of the Idea of Property. 
forts to transport fish, lobster
, etc., to and In the discussion of eaeh of these the 
from California, and to Europe; and an ap- reader is made familiar with the successivc 
pendix dcvotcd to the natural history of the phases of culture which society has passed 
subject. A systematic list of food-fishes, 1 through in the 'course of its development. 
with descriptions and some account of their These phases are, as defined by the author, 
range, seasons, etc., would be a 
aluable savagery, barbarism, and civilization, cOll- 
and much-needed contribution to common stituting three grand ethnical periods in the 
knowledge. "r e hope it will be possible for progress of mankind. Savagery, the term 
Prof. Baird to carry out his partial promise applied to the lowest status, extends from 
to issue such a work in such a way that it the period in which mankind were without 
will be obtainable by the general public. arts or definite social organizations to that 
in which they had attained something of 
AYCIEXT SOCIETY: OR, RESEARCHES IN THE both. 'Yith the close of the period of 
LIXES OF HUMAN PROGRESS FROM SAV-' savagery that of barbarism begins. At this 
AGERY THROUGH BARBARISM TO CIHLI- 
B L H period the art of making pottery had been 
ZATIO:Y. y EWIS . :llORGAN, LL. D. 
K ew York: Henry Holt & Co., 1877. developed; the bow and arrow, and imple- 
Pp. 560. Price, :34. ments of flint and stone, were'in use. The 
MANY of the obscure problems of eth- ethnical period of barbarism is subdh'ided, 
nologyare here analyzed and discussed with I as is that of sayagery, into three stage
, 
a wealth of learning which renders the work reprCßenting characteristic phases of cult- 
a valuable one for both the student and ure. It began with the simplf' arts re- 
general reader. In the opening paragraph . ferred to, find ends with the invention of a 
the author affirms the great antiquity of phonetic alphabet and the use of writin
 
mankind upon the earth, and proceeds to in literary compm:ition. In this stage of 
illustrate the e
treme rudeness of their culture- are placed the Grecian tribes of tho 
early condition and the gradual evolution of time of Homer, anù the Germanic tribes of 
their mental and moral powers through the the time of Cæsar. Civilization begins with 
slow accumulations of experience. The the clo
e of barbarism. It will DOt be in- 
fact
 presented throughout the work show ferred tlmt the transition from one statug 
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of society to another has been sharp or 
sudden. "Time has been an essential ele- 
ment in the formation of these strata." 
The various lines along which develop- 
ment has ta.ken place are thus summarized: 
1. Subsistence; 2. Goverllment; 3. Lan- 
guage; 4. The Family; 5. ReligiOIi; 6. 
Home-Life and Architecture; 7. Property. 
In the author's plan each of these lines 
is followed in detail, and the characteristic 
features of each in the Ruccessive stflges 
of culture are presented in their order. 
Thus subsistence is shown to have been 
at first upon fruits and roots. N ext in or- 
der came fish, then farinaceous substances; 
later, meat and milk; and lastly arose agri- 
culture. It is obvious that food and the 
methods of pl'Ocuring and preparing it have 
direct relation to culture, so that the status 
of a primitive people may be determined 
very nearly by that standard. 
The author's elaborate discussion of the 
genesis of the family will be read with close 
attention, and wiU doubtless excite criti- 
cism. 'Ve can only in the bri('fest manner 
state without comment some of the aspects 
and forms of the primitive family as pre- 
sented in the work. The lowest status of 
society is characterized by promiscuous in- 
tercourse. The next stage was intermar- 
riage of brothers and sisters. Out of this 
arose the consanguineous family, or family 
representing consanguinity anù affinity, giv- 
ing rise final1y to the organization of the 
family on the basis of sex. In this a check 
was given to the intermarriage of brothers 
and sisters, and following this occurred 
marriage between single pairs. A higher 
stage was the patriarchal family arising 
from pastoral life. Lastly arose the mono- 
gamian family, in which paternity of chil- 
drf'n is assured, with ownership of property,. 
and lineal descent. 
Throughout the work it is made ap- 
parent that the earliest steps in progress 
were taken with difficulty, and required a 
long period of time. But changes became 
more rapid as 
ociety advanced. If 100,000 
years be assumed as the period of man's 
existence on earth, 60,000 years, on the 
theory of progressive development, must 
be assigned to sav.agery, 20,000 years to 
the lowpr stage of barbarism, 15,000 year8 
to the middle and upper stages of barharism, 
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leaving but 5,000 year::; for the period of civ- 
ilization. It would thus appear that during 
three-fifths of the whole human period man 
was scarcely more than a child. 'Vhatever 
changes of fact 01' of conclusion future in- 
quiries may render necessary ill the present 
work, it will remain a monument of the 
painstaking labor of the author. 


PRIr-iCIPLES OF THEORETICAL CHEMISTRY, WITH 
SPECIAL REFERE
CE TO TlIE LOXSTITrTIOX 
oj.' CHEMICAL CmIPou
DS. By IRA REM- 
SEN, :Yo D., Ph. D., Profe::':5or of Chem- 
istry in the Johns Hopkins UIJiver
ity. 
Philadelphia: Henry C. Lea, 1877. Pp. 
231. Price, 81.25. 
THIS i:5 a contribution to chemical1itera- 
ture of special fitness and importance at the 
present time, when the science is passing in- 
to a new sta::;e. Prof. Remsen devotes him- 
self to the theoretical aspects of what is 
caned the new chemistry, which he treats 
with discrimination, presenting its .claims 
with clearness and weighing its defects with 
fairness. He aims to show exactly upon 
what basis our present conceptions of chem- 
ical constitution re
t. The nCf'd of a sifting 
discussion of the subject is assumed to rest 
upon the fact that the more recent views, 
be they good or bad, are held by nearly aU 
the working chemists of the day. In regard 
to the execution and purposes of his book, 
the author remarks in his preface: "The 
subject is, of course, not exhausted; many 
things have purposely been left out, either 
because they have not yet reached such a 
stage of de\'elopment as to entitle them to a 
place among the fundamental principles, or 
because it was thought better to emphasize 
more strongly those principles which are 
treated. Should the reader miss anything 
which he expected to find, he will please 
carefully èonsider whether the grounds re- 
fcrred to are a sufficient excuse for the omis- 
sion. The imperfections that will be noticed 
are, partly at least, due to the imperfection 
of our knowledge on some of the subjects 
discussed. For instance, it seems to be im- 
possible for us at present to treat the sub- 
ject of valence in such a wflY as to lead to 
Sfltisfactory rf'sults, mainly for the reason 
that we know so little in regard to it. "That_ 
ever ,iew of this propert
 one may take, he 
will find some difficulties which he cannot 
surmount. " 
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PHYSIOLOGICAL ÆSTHETICS. By GRANT AL- 
LEX, B. A. Pp. 283. K ew York: D. 
Appleto
 &, Co. Price, $1.:>0. 
PROF. ALLEN ùedicates this book to Her- 
bert 
pencer as " the greatest of living phi- 
losophers," and, as mi
ht be expected from 
thi
, he treats his subject from the point of 
view of Spencer's philosophy and the law 
of evolution. This is only another exem- 
plification of the power of a great princi- 
ple, when newly introduced into thought, of 
modifying old beliefs and methods of study. 
Jfr. Bain took up the inve
tigation of the 
human minù more closely from the physio- 
logical side than haù been before attempted 
in any general exposition; but he could not 
link psychology to physiology without bring- 
iLg it more completely into the current of 
scientific progress. Hence, when the doc- 
trine of evolution was accepted, physiolo- 
gy underwent a philosophical change which 
was so powerfully felt in psychology that 
Prof. Bain had to revise his methodical 
works to bring them into harmony with it. 
As æsthetics is occupied with a c"ertain or- 
der of human feelings, its root
 must be 
found in physiology, and Prof. Allen's book 
is an attempt to trace out the connection. 
'Ye shalJ review this work more fuHy in the 
fùture, but may here remark that it has 
been received with great interest and very 
cordial approval abroad. There are vari- 
ous opinions as to the completeness of his 
analysis, and the sufficiency of some of his 
reasonings, but it is agreed that he has 
opened the subject in t\ broad aspect, and 
in a direction that must be pursued by fu- 
ture thinkers. The London Examiner thus 
refers to the work in the opening of its re- 
view: 


"Among' the branches of human activity 
which thc growing science of physiology is dcs- 
tined to illuminate, tho fine arts certainly have 
a place. In proof of this we need refer only to 
the work of t18ingle livin
 physiologist, H. Helm- 
holtz. Of the importance of this thinker's pbyt3- 
i.ological contributions to the theory of mmdcal 
art it is unnecessary to 8peak. It may not be so 
widely known that this same physiologist has 
reccntly publi!'lhed an inf'tructive es
ay, illus- 
tl"ating the bearing of optical science on the 8rt 
of painting. Tbis invasion of the region of 
resthc>tics by natural science will he regardcd as 
an evil by all those who 
uppo8e that this terri- 
tory should be infolded in a mh;t of 8uper-subtile 
metaphysical fancy. To those, however, who 
fisk for a clear and well-dcfining daylight in all 
domains of inquiry, the new direction of physi- 


I ological labor will be welcome. If any"thing is 
likely to supply a firm objective basi
 for æs thetic 
rules it it! pi1ysiological science. 1\11'. Grant Al- 
lcn distinctly recognizes this, and his volume is 
a valuable attempt to add to the physiologicul 
foundations of art. 
., Our author begins with a timely prote!:;t 
against the unscientific idea, apparcntly coun- 
tenanced by 1\11'. Ruskin, that the pleasures of 
art are not susccptible of exact explanation. 
lIe holds that æsthetic enjoyments, like all other 
pleatmres, may be brought nnder simple prin- 
ciples or laws of nervous action. l\loreover, he 
goes further, and, by help of the new science of 
organic evolution, seeks to explain how it is that 
our nervous BYf!tem hae. become 80 con!"tituted 
as to respond in a pleasurable or painful man- 
ner to the various senam-y stimuli. In tbis way 
he 110pes to arrive at a complete answer to the 
question rcgarded as insoluble by 
Ir. Ruskin: 
, Why do we receive pleasure from some forms 
and colors, and not from others? ' 
., The physiological mcthod of study cannot 
as yet be safely carried into tbe discust;ion of 
art-effects beyond the simple sensations of tone, 
color, etc. The physiological conditions of the 
more complex delights of intellect and emotion 
arc not as yet accessible. It is a question, in- 
deed, whether as yet the physiological method 
is adeqnate to explaining all the æsthetic pleas- 
ure of tone and color, and their combirlations. 
This, however, is the task which 1fr. Allen sets 
before himself. He devotes the greater part of 
his space to the elementary pleasures of art, 
i1\u8trating these, as is fitting, by a general 
review of the phenomena of pleasure and pain 
in the lower bodily regions and in the various 
senses. Following most recent writers on the 
subject, he connects pain with the dc!"otructive or 
" injurious action of an organ, pleasure with the 
normal action cOITesponding to the amount of 
energy stored up at the time." . 


BULLETIN OF THE GEOLOGICAL AND GEO- 
GRAPllICAL SURVEY OF THE TERRITORIES 
(Hayden's). Volume III., No.1. Pp. 
185. 'Vith Plates. 'Vashington: Gov- 
ernment Printing-Officc. 
IN this number of the U Bulletin" are 
contained twelve papers, mostly on subjccts 
anthropological and entomological Among 
them is one by thc Rev.:Y. Eells, on thc 
Twana Indians of the Skokomish Rcserva- 
tion, in 'Vashington Territory. This i::; an 
instructive account of the condition of a 
tribe of Indians in the transition state from 
Havagism to semi-civili1ation. 


RECENT PROGRESS IN RANITARY SCIE
CE. By 
A. R. LEEDS. Pp. 22. Salcm: printed 
at the Salem press. 
THE progress made in sanitary f:cience 
during reccnt years consists, according to 
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Prof. Leeds, first, in an increased knowledge I ART-EDUCATION APPLIED TO IrmGSTHY. By 
of what constitutes clean air, clean water GEORGE 'V ARDNICHOLS. l'p.211. 'Vith 
clean food and clean environments on th
 llUllierous Illustratiolls.. K ew York: 
, 'Harper & Brothers. Pl'lce $4. 
one hand, and on the other hand what con- ., . '.. . 
t ' fil h . . filth . t filth ' TIlE title of thIS work sufficIently mdl- 
B Itutes t m 
ur, III wa er, lll. . . 
fì d d fil h . . t I h cates Its purpose, whIeh IS to promoteamonCJ' 
00 ,an t 1Il our enVlronmen s, W let er '" ? 
. t b fil I . I t bl . I d the people an acquamtance wIth the prmcl- 
1 e t 1 mmera , vege a e, or amma ; an , . . . 
dl ' b tt k " I d f h pIes of art as apphed to the products of 111- 
secon y, 1ll a e er .now e ge 0 t e 
f . I 1 . d dustry. The author would have the
e prin- 
means 0 preservmg c ean mess an repress- 
 . 
. fil h . clples taught III all grades of our schools 
mg t mess. . ' 
and offers a scheme of a progressIve course 
of art-instruction which he thinks might 
easily be adopted by directors of schools in 
this country. He gives an account of the 
present state of art-education in sundry Eu- 
ropean countries, and espcciall) commends 
the programme of art-cducation in use in 
the public schools of Belgium. The work 
is profusely illustrated. 


BL'"LLETIN OF THE GEOLOGICAL Arm GEO- 
GRAPHICAL SURVEY OF THE TERRITORIES 
(Hayden's). Vol. Ill, No.3. Pp. 105. 
"
ith Plates. \Vashington: Govern- 
ment Printing-Office. 
BESIDES a series of five paleontological 
papers by Dr. C. A. "
hite, this number 
of the" Bulletin" contains a brief essay by 
E. A. Barber on the "Utah Dialects." 
Also, one by P. Schumacher on "}[ethod 
of )laking Stone Implements." There is 
a paper by Dr. Coues on "Insectivorous 
:Mammals;" one by Lieutenant )[cUauley 
on the" Ornithology of the Red River of 
Texas;" a " Catalogue of Land and Fresh- 
"
ater Shells," by S. Aughey, Ph. D.; 
finally, "Xotes on the Geographical 'V ork 
of the Survey," by A. D. \Yilson. 


LumAR PERSPECTIVE. Part I. By F. R. 
HOKEY. Pp. 36. "
ith Plates. New 
Haven: Judd & 'Yhite. Price, 81.25. 
THE author of this little treatise, who is 
instructor in Descriptive Geometry and Per- 
spective in the Sheffield Scientific School, 
here presents to the student, with all need- 
ed clearness, the leading principles of Linear 
Perspective in the 
pace of a very few pages, 
and then proceeds to make application of 
them to perspective drawing. The course 
of instruction advances oy easy steps fr01n 
the construction of the perspective of a 
point situated in the horizontal plane to the 
construction of the perspective of a groined 
arch and its shadows, and of a spiral stair- 
way. 


A
lmAL REPORT OF THE M.ASSACH"CSETTS 
STATE BOARD OF HEALTH. Pp. 520. 
Boston: A, J. Wright, State Printer. 
THE l\Iassach usetts health reports, of 
which this volume is the eighth, form a se- 
ries of puhlic documents hardly equaled 
for the wealth of important information 
ANNUAL RECORD OF SCIEXCE AND INDUSTRY 
which they contain. The" Special Re- FOR 1876. By SPEXCER F. BAIRn. Pp. 
ports" on sanitary. subjects comprised in 845. New York: Harper & Brothers. 
the present volump are seven in number, Price, 
2. 
and treat of "Pollution of Rtreams, Dii:;per- TIlE" Annual Record," which from the 
sal of Sewag-e, etc. ;" "Sewerage;" "San- first has been recognized as the very best 
itary Condition of Lynn;" "Registration work of its kind anywhere published, con- 
of Deatl1s and Diseases;" "Growth of tinues to give evidence of the skill and care 
Children;" "Disease of the )[jnd;" and of its editor. The "olume for 1876 contains 
h Health of Towns." It is Qnly by unceaf'- some notable improvements on all it::- pred- 
ing iteration of the lesson that filth is the eces
ors. One valuable feature now added 
great cau
e of disease, that the local au- is the index of authors and subjeets, ap- 
thorities of town
 and cities can be aroused pcnded to the" General Summary." An- 
to a Rense of the danger of allowing in- other ii:; the prefixing of the name:o: of Prof. 
sanitary conditions to pl:l'sist. Thi
 le8;o;on Baird's principal collaborators to the chap- 
is inculcated with much force and thorough- t('r
 of the "General Summary)" written by 
ness of rCf1.eareh in some of the special re- them. The chapter on " .A:,tronomy" is by 
ports named above. I Prof. Holùen, tbat on ")[eteorology" by 
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Prof. Abbe, "General Physics" by Prof. 
Barker, " Chemistry JJ by the same, " Geol- 
ogy" by P,:,of. T. Sterry Hunt, and so on, 
the different departments of" Scientific anù 
Inùustrial Progres
" being attended to by 
writers of recognized competence. In com- 
piling the second division of the volume, 
which consi
ts of condensed abstracts of 
papers on scientific and industrial work, the 
editor bas been assisted by a strong corps 
of writers, among whom we may name Profs. 
:F. 'V. Clarke, Cope, F. Y. Hayden, :Majol' 
Powell, and Lieutenant 'Yheeler. 


PUBLICATIO
S RECEIVED. 


Bible of Humanity. By J. :Micbelet. New 
York: Bouton. Pp. 314. Price, $3. 
Engineering Construction. By J. E. Sbields. 

e
v York: Van Nostranù. Pp. 138. Price, 

 1.00. 

anHary Condition of DweUing-Hou
es. By 
G. E. \Vari ng, J r. Van N o::::trand. Pp. 145. Price, 
50 cents. 
Inorganic Chemi!'try. Vol. II., 1\Ipta1s. By I 
T. E. Thorpc. :New York: Putnam'
 ::;ons. Pp. 
.,loG. Price. $1.50. 
\\Teighing and 1\lensuring. By H. W. Cbis- 
holm. N ew York: .Macmillan. Pp. 208. Price, 
$1,50. 
H The Jukes.
' By R. L. DUQ'dale. New I 
York: Putnam's Sons. Pp. 121. Price, $1.'25, 
Dai1y Bn11etin of the Signal Service. \Vith 
Charts. Washington: Government Printing- 
Office. Pp. 185. 
The Locust Plague in tbe Unitcd States. By I 
C. V. Riley. Chicugo: Rand, )IcNally & Co. 
Pp.236. Pricc, cloth, $1.25; paper, $1- 
Physical Geography. By A. Gl'ik'ie. New 
York: 
Iacmillan. Pp.391. Price, 
1.75. 
General History of Connecticut. By Rev. S. 
Peters. New York: Appletuns. Pp.28:J. Price, 
$1.:>0. 
Report of the :Milwaukee School Board. Mil- 
waukee: Keogh print. Pp.396. 
Compendium of Facts and Events. By E. 
EIJ?Qry. Peoria
 Ill.: Transcript print. Pp.517. 
Pl'lce, $8. 
New Construction!'! in Oraphical Statics. By 
II. T. Eddy. New York: Van Nostrand. Pp.62. 
Price, $1.50. 
Te1egraphic Dctermination of Longitude. "By 
Lieutenant-Cummand('r F. ::\1. Grecn, U. S. N. 
\Vashingtoll: Govcrnment Printing-Office. Pp. 
102. 
lJEetallurgical Re1'iew. Vol. I., No.1. Monthly. 
New York: David Williams. Pp. 100. Price, 
$5 per year. 
Report of the Peabody Museum. Cambridge: 
Priuted by order of the Trustecs. Pp. lG7
 
Brooklyn. 1Úontlùy. G. F. Beecher, editor. 
VoJ. I., No.2. Pp. 18. Price, $1 per ycar. 
ReJafions of Pain to 'Veathpr. Bv Dr. S. 'W. 
MitcheH. Philadelphia: ColJins prÏlit, Pp. 2;). 
Photo!:..'Tapb of the Trotting lIorBe Occident. 
By:Muyl>ridg-e. SÙll Fl'unciE1co. 
Fishes of {'"pper Georgia. By D. S. Jordan. 
Salem Pres8 pri.nt. Pp.70. 
Molecule and Atom. By G. F. Barker. From 
Proccedin6"8 of Amcrican A"sociation. Pp. 23. 
H('r('dity. By Dr. E. N. Brusb. Buffalo: 
IIansmall & Burow print. Pp. 12. 


Perl!\onal Appearance. By T. S. Sozinskev, 
1\1. D. Philadelphia: Allen, Lane & Scott. Pp, 
196. PricP, $1.25.' 
Materialism and PedagoB'Y' By'Y. H. Wynn. 
Gettysbur:!" Pa.: ,nble prlllt. Pp. 22. 
Brain of Procamelu
 Occidentalis. By E. D. 
Cope. Pp. 4. With l'late. 
Green Hiver Shalcs. By E. D. Cope. Pp. 10. 
Rationale of compres:,:ing Cotton. By S. II. 
Gilman. New Orleans: Hyatt print. Pp. 52. 
Lectures and Essays. By Dr. V. W. Blanch- 
ard. Kew York: BlaÌlchard Food-Cure Cumpa- 
ny. Pp.67. Price, 10 cenb". 
Hay-Fever. By Dr, E. J. Marsh. Newark, 
N. J.: Hardham print. }>p. 2G. 
New Method in Solar Spectrum Ana1ysis. 
By S. P. Langley. From .Arnel'icaT" Journal of 
Science and Al't. Pp. 6. 
Anglo-American Primer. By Elieza Bærd- 
man Burnz. New York: Burnz & Co., Fonet
. 
Publit;hers. Price, 15 cents. 
Annua1l\feetillg of the Free Religious Asso- 
ciation ( 1877). Boston: Tbe Association. Pp. 
95. Price, 40 cents. 
Venous Circulation. By Dr. 'V. F. Glcnn. 
Nashville: Marshall & Bruce print. Pp. 4. 
Pacific School and Home Jounwl. Y 01. I., 
No.6. San Franciseo: LYReI' & Co. Munthly. 
Pp. 40. Price, $
 per ,year. 
Darwin on Fertilization of Flowers. By T. 
1tleeb8D. From B..nn Jfontlzly. Pp.10. 
The Glacial Period in the Soutbern Hemi- 
sphere. By T. Belt. From London Quarterly 
Journal of Science. Pp. 30. 
Serpent and Siva 'Vor
hip. By Hyde Clarke 
find C. S. Wake. New York: Boutun. Pp.48. 
Price, 50 cent8. 
The American Bison. By J. A. Allen. 'Vash- 
ington: Government Printing-Office. Pp. 144. 
A Scientific Course of Study. By C. :E. Bes- 
scy. Grinnell. Iowa: Aurora print. Pp. 11. 
Electrical Conduction. ByR. C.Kedzic. Pp.8. 
Crimina1ity. By Dr. W. G. Stevenson. From 
I the Sanitarian. Pp. 23. 
macial Icc Deposits. By G. Sutton. From 
Pl'Oceediligs of .\merican Association. Pp. 7. 
American IIomæopatltist (mont1lly). Yol T., 
I No.1. Cbica!;o: Chatterton & Co. Pp.40. Price, 
$2 per year. 
I Notl's from tbp Chemical Laboratory of Johns 
Hopkins University. Pp. 16. 
I Proceedin2's of the Davenport Academy of 
I Sciencp!,. Vo1. II., Part I. Davenport Gazette 
I print. Pp. 148. Price, $3 per volume. 
I In!"cribeiJ Ta
1ets from Davcnport, Iowa. 
Pp. 22. With PlatCIiI. Fwm the same. 
Heredity, Pauperism, and Crime. By Dr. E. 
H. Parker, of Poughkeepsie, N. Y. Pp. 12. 
School Di"cipline. By J. Kennedy. Syra- 
cuse, N. Y.: Davis, Bardecn & Co. Pp.23. 
E1ectrometers. By J. T. Bottomley. New 
York: Macmillan. Pp.33. Price, 20 cents. 
Veratrum Viride. By Dr. J. 8, Lynch. Bal- 
timore: Innes & Co. print. Pv. 8. 


POPULAR 


MISCELLANY. 


THE American Association for the Ad- 
vancement of Seiencc met at KashviHe, Ten- 
nf'
Ree, on 'Vednesday, .\ugust 2Ðth, Prof. 
Simon K ewcomb presiding. The sessions 
continued for four days. Prof. O. C. )larsb, 
of Yale College, was elcctcd Presidcnt of the 
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Association for the present year; Prof. R. I in Madras and Bomhay to detcrmine the re- 
II. Thurston, of the Stevens Technological . spcctive values of the four alkaloids as feb- 
rifugcs. The result arrived at by thc Ma- 
dras commission, ag stated by Dr. B. II. Paul, 
in a paper read before the London 
ociety of 
Arts, was to the effect that, U in rccent cases 
of uncomplicated paroxysmal fc'"er, there 
did not seem to be any great superiority of 
one cinchona alkaloid over anothel'." The 
numerical results on which the comll1ission 
founded its conclusions were as follows: 


Institute, Hobuken, Yice-President of the 
Physical Section; Prof. Augustus R. Grotc, 
Vice-Presidcnt of the Section of Natural His- 
tory; Prof. II. Carrington Bolton, of Colum- 
bia College, K ew York, General Secretary; 
Prof. Francis E. Nipher, st. Louis "["niversi- 
ty, Secretary of Section .A; George Little, 
Atlanta, Georgia, Secretary of Section B; 
'ViJliam S. Vaux, Philadelphia, Treasurer; 
chairman of Chemical Sub-section, Prof. F. 
,Yo Clarke, of the University of Cincinnati. 
The .Association will meet next year in St. 
Louis, on the third 'Yednesday of August. 
The address of Prof. O. C. )Iarsh, aR Viee- 
Prcsident of Section B, at the K ashville 
meeting, on the" Introduction and Succes- 
sion of V ertebrate Life in America," was a 
paper of extraordinary interest, embodying 
the results of its author's fruitful researches 
into the paleontology of this continent. 
Prof. Grote advocated the creation of an 
International Scientific Service, or organi- 
zation for the advancement of knowledge. 
"
e shall in future numbers of the )IOXTIlLY 
publi;,;h abstracts of some of the more inter- 
esting papers read at this meeting of the 
Associa tion. 


Cure.d. 
Treated by cinchonine. . , . " 410...... 400 
.. .. dnchonidine.,., 359...... 346 
"' H quinidine....... 3i6...... 365 


In subsequent trials these alkaloids were 
compared with quinine, and the total num- 
ber of cases treated was 2,472, and of thcse 
2,445 were cured. The ratio of failure per 
1,000 cases was as follows: 
Quinine. . . . . . . . . . . . . . . .. ......... 7.092 
Quinidine.... .... .........,.. eo.. 6.024 
Cinchonidine. . . . . . . . . . . . .. . " .... tl.U25 
Cinchonine.... . ... .. .... .. .., ... .. 23.255 
'Vhich appears to show that the first three 
are nearly equal in their febrifuge proper- 
ties. 


Treatment of the Opinm-llabit.-The 
English Church :Mission supports at Hang- 
The tinthona Alkaloids.-Of aU the spe_ chow, China, an "opium-refuge," or hos- 
cies of cinchona-trees planted in the Kilgiri pital for the treatment of smokers of opium, 
Hills di
trict of India, the red-bark, or C. The capacity of this hospital, as we learn 
81.lccirubra, bas succeeded best; indeed, from the Journal of Inebriety, is for about 
none of the other species appear to thrive I thirty patients, and there are gcncrally about 
in the Xilgiri plantations, and they are rap- as many applications for admission as can 
idly giving way before the rcd-bark cin- be granted. Persons wishing to be ad- 
chona-tree. The bark of the lattcr contains mitted make their applications on or before 
only a 
mall proportion of thc alkaloid qui- the beginning of a month; all the patients 
nine as compared witb the other three prin- for one month being admitted on the same 
cipal alkaloids - cinchonine, cinchonidinc, day, and remaining in the hospital for thy-ee 
and quinidine-and hence the promi
e of wceks. In this way, twelve cla::-:ses of pa- 
an abundant supply of the first-named alka- tients are turned out each year, and there is 
laid from the Indian plantations i-8 not ful- one week in each nlOnth for cleansing the 
filled. Hence, if thc febrifuge properties of hospitaL The treatment is directed simply 
the cinchona were confined to tbe alkaloid to relieving the malaise and d<'pression 
quinine, we should have to pronounce these caused by discontinuance of opium, and 
plantations a failure. But it appears to be the physician ill chargc states that at the 
still an open question whether quinine is end of three weeks the patÌC'nts can entirely 
entitled to this pl'eëminence. Indeed, there dispcnse with the drug without ph}
ical in- 
is good reason for believing that the kind convenience. One strange fact is developed 
of bark which earned, for the cinchona-tree by this bcncyolent cnterprisc. SOluC of the 
its reputation had for its predominant al- patients cnter the refuge without any desire 
kaloid cinchonidine. "''ithin a few year
, of giving up opium. They }Iave gone so far 
medical comlllbsions have been appointed that a large quantity is required to satisfy 
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their craving-larger than they can afford 
to buy. By submitting to hospital treat- 
!Ilent they can get back to a point where a 
moderate quantity of the drug will produce 
the desired em
ct. " They only wish to get 

p-hill, that they may have the pleasure of 
sliding down again!" Even in his dissipa- 
tions the Chinaman shows his characteris- 
tic wariness. 


that this" silver-mud" i::; an artificial prod- 
uct, intended to subserve fraudulent designs, 
but Mr. Hawks could not find any evidence 
of fraud. If the free silver in the mud 
were filings, a single glance would suffice to 
detect the fact. Had the silver been pre- 
cipitated from solution by copper, it would 
have been crystallized. An amalgam of 
silver and mercury would have yielded a 
sublimate if strongly heated in a glass tube 
closed at one end. Such amalgam intro- 
duced into the wet mud, and the whole 
heated sufficiently to volatilize the mercury, 
would have left the substance in a hard- 
baked state, wbich could not again have 
been reduced to the state in which the mud 
was when it came into the hands of :Mr. 
Hawks. The author finds a close resem- 
blance between this h silver-mud" and the 
silver-bearing" sandstone," so called, of the 
preceding paragraph. 


Silver-bearing Sandstones. - A corre- 
spondent of the Engineering and J[ining 
Journal describes the "silver sandstone" 
formation occurring in tbe vicinity of Leeds, 
a village in. the southwestern cornel. of 
"["tah, about 300 miles from Salt Lake City. 
The formation is a beautifully-stratified red 
and white sandstone, hut greatly broken 
up and eroded. ""here the strata have 
been undisturbed, they rise to a height of 
perhaps 1,000 feet above the valley in table. 
mountains, alternately banded with red and 
white. The numerous foldings and contor- Anthropology in termany.-A writer in 
tions of the strata are accounted. for by the ]Jas Ausland directs attention to the neg- 
presence of many- extinct volcanoes, while lect of anthropological research in the great 
the great sandy deserts, covered with sage schools of Germany. The science of an- 
and cactus, bear abundant evidence of the thropology, he remarks, togE'ther with all 
erosion. On the northern side of what u'as its subordinate branches, such as anatomo- 
once a vast basin, lying between several' physiological anthropology, ethnology, eth- 
ranges of bigh mountains of old rock, where nography," prebistory," and comparative 
the erosion of an anticlinal has l-eft ridges archæology, were substantially founded by 
or reefs cropping out at various angles, are German scholars, as Keller 
nd Yirchow, 
the mines. The sandstone consists of red Schaaffbausen aud Bär, yet hitherto they 
and white deposits, carrying soæe lime as a have becn assigned no official place in 
cementing mtlterial, with occasional layers higher education. There is not in all Ger- 
of clayey or shaly rock, and a considerable many a Ringle professorship of anthropol- 
amount of carbon scattered througbout. ogy, though that is a subject that interests 
The white sandstone seems so far to baye the entire cultured public. "'Yith us," he 
carried the ore, but all the strata carry it in writes," the four antiquated Facu1ties still 
greater or smaller quantity. Careful sam- profess to represent science in its totality. 
plings and analyses show that there is a In France, the case is different. Schaaff- 
large amount of ore running from $20 to I bausen, in his account of. the Prehistoric 
$50 per ton-in several beds, a foot or Congrcss of Buda-Pesth, observes tbat in 
more in. thickness, averaging from $50 to Paris a profef'sorship of :mthropolo
y has 
8200, while others have streaks of various bee
 in existence for the last twenty-se,'en 
widths, from one to ten inches, yielding ore years. Resides, we learn of the recent 
from 
200 to 81,200. establishment in Paris of a school of an- 
Specimens of so-called "silver-mud" -thropology. This school consists of four 
from Oregon have been examined by :Mr. sections, of anatomy, JJiology, ethnolog), 
Henry G. Hawks, member of the California 'prehistory,' and lin
uistics, with Rroca, 
State Geological Society, who found the sub. Jopenard, Dally, )[ortillet, and Hovclacque, 
stance very rich in silver in the free state, for profef'sors. In German) two @cientific 
though the microscope failed to gÏ\
e any mcnlecture on anthropology, namely, Ecker 
clew to its origin. It has been suspected in Freiburg, and O. Jäger in Stuttgart." 
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Di
tribDtion of the Seventeen-Yrar LO- I sometimes come up in the bottom of newly- 
(m
t.-Nr. L. G. Olm::;tead, of }'ort Edward, dug cellars, and where roads are maùe across 
sends us an account of a recent il1terview districts they have occupied, and they "ork 


with Dr. A8a Fitch, the distinguished ento- 
mulogist of Salem, New York, ti'om which we 
eÀfl'act the following particulars concerning 
the habits and geographical distribution of 
the seventeen-)ear locust, which has but 
lately planted tbe seeds for the crop of 1894: 
h The 8eventcen-year locust, the Oicada 
septøndecim-thus named by Linnæus, the 
prince of natural historians-bas just made 
its regular visit to the woods north of 
Clark's mills, below Fort )Iiller Bridgc, on 
the Hudson River. Fort 1\liller Bridge is 
their extreme northern limit. From time 
immemorial they have appeared on the same 
spots. If the woods are cleared up, they 
re::50rt to the nearest orchards. They are 
found from this locality south along the 
Hudson, on through New Jersey, Delaware, 
Pennsylvania, Maryland, Virginia, the Caro- 
linas, and Georgia. They come out in im- 
mcnse numbers, the woods resounding with 
the din of their notes. 
"There is an annual Cicada which ap- 
pears in dog-days, whosc shrill note is quite 
different from the seventeen-year locuf't. 
The notes of this last are not unlike those 
of the tree-toad, and they were heard at 
Clark'
 mills above the noise of the ma- 
chinery. 
" They sing when the sun shines. 'Vhen 
growing old their note is much more feeble. 
The males alone sing; the females are si- 
lent, and this has given rise to the distich: 


'Happy are the Oicadas' lives, 
Because they all have voiceless wives.' 


"This is their fourth vif'Ït that the doc- 
tor has observed. He haR gathered and con- 
fined scores of them, under netting on an I 
apple-hush to keep them from .being de- 
voured by hirds. which conect to feed on 
them in iml1leni'e numbe(.s, as do the swine, 
and such wild animals as skunks, weasels, 
etc. 
" The locusts puncture the hark of trees 
and live on the juice. They do not disturb 
herhaceous plants, They pierce the twigs 
and deposit two eggs in each puncture, 
which are probahl
. male and female. The 
gruh hatches and drops to the ground, into 
which it is said to go to great depths, anù is 
seventeen years in getting its growth. They 


themselves up through the harùest beaten 
highway. On coming out of the ground 
they immediately pair, and tbe female com- 
mences boring the twigs anù dcpo:-;iting her 
eggs, which occupies her aùout three weeks, 
"hen they die anù disappear. They never 
do any appreciable injury to the trees. This 
seventeen-year locust is not found in any 
other part of tbe world. 
" They lcft }'Ol't 
lil1er about the 23th of 
June, leaving an appointment to hold an- 
other great concert on the same ground in 
1894. The twigs of witch-haze], poplar, 
maple, hickory, oak, etc., are beautifully 
punctured and as regularly as the stitches 
on a horse's harness, thus- 


Sometimes there will be two rows on the 
under side of the same twig, thus- 


Many twigs of the oak have died from the 
puncturings. 
" There iR also a third species of locust in 
this county, of wllÏch onl)" a yery few appear. 
'I'he species of Cicada are numerous in warm 
climates. The doctor has in his collection 
ninety-two species. He has the three found 
in this county; others from Pennsylvania, 
Illinois, Arkau::;as, :Mississippi, Alabama; 
the Bahama hlands, Jamaica, Yenezuela, 
Brazil, Colombia, Chili; a number from 
France, Spain, Italy, Egypt, .Algiers, Cape 
of Good Hope, Senegal, 
[adagascar; tbe 
Crimea, Sylhet (a part of BI'itish India), 
Borneo, Java, Ce)"lon, Assam, Malacca, and 
K ew Holland." 


Cremation of Dr. rltarlrs F. Winslow.- 
The following, from a gentleman who took 
an aetive part in the cremation of the body 
of the late Dr. "Tinslow, at 
a1t Lake City, 
on July 31st, cuntains many interesting ùe- 
tails concerning this event not before pub- 
lished : 
"Dr. Winslow always had a dread of 
being huI"Ïed in the ground; perhaps not 
a d(.ead, hut he had seen many bodies that 
haù .suffered the slow decomposition and 
ravages of the worms, and the thought 
was di:::gustiJlg to him. IIi
 heart was 
taken out anù embalmed, placed in a jar, 
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three-eighths of an inch thick; the roof of 
fire-tiles, two feet lung and one foot wiùe. 
This enabled us to cover without an arch. 
The door for the admission of the body was 
at the south end. You will notice two stacks; 
the extra one was made so that we could 
shut off the flames by means of a damper, 
enabling us to put the body in, and also to 
view the action without the flame approach- 
ing the door. You will see that the flame, 
when the furnace was at work, passed un- 
der the floor the whole length, and then 
returned over the body and up the stack at 
the south end of the furnace. In tbe oper- 
ation we used the coal from' Rock Springs/ 
on th
 "C"nion Pacific Railroad. 
" It was intended to ' cremate' immedi- 
ately on the completioR of the furnace, but 
Dr. Hamilton had doubts as to the working 
of the furnace; so he placed in it a quarter 
of beef, and found it to produce the desired 
result on this in one hour and fi\re minutes; 
and, while this was going on, word came to 
stop it all. 
" Finally, al1 was arranged on the 31st 
of July; the body, then weighing 126 pounds, 
was placed on a sheet of iron one-eighth of 
an inch thick, turned up at the siùes and 
end, and introduced into the furnace, which 
was at a full-red heat, at 6.20 P. 
1. The 
dampers were opened, and the flame al- 
lowed to pass directly over the body. For 
some time quite a ' boiling' took place, and 
lasted until most of the moisture had 
been driven off; in about an hour 
nearly all the flesh was consumed and 
the heat was raised. At the end of 
two and a half hours al1 action was 
at an end, but five minutes more was 
aIJowed, when the fires were drawn 
and air admitted to the furnace. In 
about half an hour the plate was 
drawn, and the bones gathered up; 
they were perfectly white and friable, 
so much so that they could be easily 
crushed in the hand. .After this we 
rubbed the bones in an iron mortar, 
and passed them all through a flour- 
sieve, makin
 in bulk about one quart, 
- --=: . .-- ::---.. . and in weight about four poundii. 

 
 :
j From the time the body was put into 
-
 -- - -:::;'/ the furnace until the a
hes were ready 
for the urn was four hours and forty 
minutes. 
" From the construction of the fur- 


and i:3 to be buried within the grave of 
his mother. As Boon as his executor (and. 
personal f
icnd) reached here, it was de- 
cided to proceed with the cremation, but, 
before it was done, his children at the East 
intervened, and the operatioD was delayed. 
One of his sons came here, and, after 
reading the will and talking with his (the 
doctor's) friends, to whom the doctor ha.d 
so often expressed bis views in favor of 
'cremation,' decided that it ought to be 
done, and wrote to the other children for 
their consent, which they finally granted. 
In the mean time the body had been em- 
balmed, and kept continually packed in ice. 
"Dr. Hamilton, who had charge of the 
'cremation,' consulted me as to the means 
of doing it. They had talked of taking the 
body to one of the reverberatory furnaces, 
as they wanted it done quickly-hI fact, 
before his children would know of it. I 
thought a furnace could be built quickly 
and cheaply that would answer the purpose, 
and designed one, as per inclosed rough 
sketch. 
" I wi1l admit that many improvements 
could have heen made on it; but) when you 
consider that in six hours from the time it 
was commenced a fire was built in it, I 
-think you will say we did well. Time and 
expense were the obstacles I had to over- 
come. The interior of the furnaèe was six 
feet by two; the bottom was of boiler-iron, 
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nace we had perfect control over the heat. 
I did not wish to have it too hot at the time 
of placing the body in it for fear of an e"'{- 
cessive generation of gases, but I believe 
we would not have gained anything by 
having the heat any more intense; from my 
observation I am convinced that tbe heat 
required is not so gFeat. as generally sup- 
posed: the action of the heat on the lime 
gives it tbe appearance of being intensely 
hot, but at the same time I noticed tbat the 
end of the plate where the flame turned 
wa
 barely altered-just scored a little, as 
if it had approached nearly to the melting- 
point. 
"The furnace did not cost $100, and I 
suppose about 1,000 pounds of coal were 
consumed. " 


Signs of Ad vanee in IUedieal Stienre.- 

\ significant communication has appeal'ed 
in the English medical journals, namely, a 
letter to Dr. B. 'V. Richardson, from George 
'V yld, 1.1. D., Vice-President of the llritish 
Homæopathic Society, in which the latter 
pleads for a reconciliation between homæop- 
athists and practitioners of the regular 
school of medicine. Dr. 'V yld in effect 
maintains that the art and science of medi- 
cine, a
 understood by the homæopathists, 
so called, of England, and by the regular 
profession, are now the same. Hahnemann, 
in his famous essay, entitled "The ]Iedi- 
cine of Experience," had made no mention 
of homæopathy, and the doses there rec- 
ommended were tangible, not infinitesimal. 
But, as his views were scornfully rejected by 
the medical profession of the time, Habne- 
mann, in his turn, became intolerant of the 
viewR received by the medical profession, 
and, "out of spite," as one might say, 
adopted the doctrine of the efficacy of in- 
finitesimal doses, But everything is now 
changed, according to Dr. 'Vyld. "The so- 
called homæopathists," he writes, "have 
almost cntirely abandoned the use of glob- 
ules, and have substituted doses in a tangi- 
ble form. Further, wherea
 the early hom- 
æopathi
ts denounced all auxiliarie
 in the 
treatment of disease, it is now the practice 
to make frequent use of all remedies of a 
simple kind, such as occasional aperients, 
anodynes, opiates, anæstheties, galvani
m, 
hydropathy, Turkish baths, and mineral 
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waters. In short, we define our practice as 
rational medidne, including the application 
of the law of contraries, but plus the appli- 
cation of the law of siæ.iIars." Dr. 'V yld 
adds that tbe sentiments he expresses are 
held by a large number of homæopatbic 
practitioners. He believes that wel'f' physi- 
cians of his scbool to be admitted to the 
regular medical societies and to the pages 
of regular medical journals, it would not 
be long before all sectarianism in medicine 
would be at an end. lIe demands the 
ame 
Jiberty of opinion in medicine as in religion 
or politics, and an amalgamation with the 
regular profession on equal terms, Dr. 
Richardson asks his brethren to "accept 
this intended message of peace and good- 
will in the spirit in which it is written and 
offered." 


EXI)eri01enfs witb '
il)er.Poison.-In the 
Zeitsrltrift für Biologic, Valentin states the 
results of his researches on viper-poison. 
The particular species of vipers employed 
was the J'": aspC1"a of Linnæus. Only one 
yiper out of twenty could be made to bite 
by external irritation. One viper was made 
insensible under the influence of ether, and 
Valentin took the opportunity of squeezing 
out some of the poison on squares of Swed- 
ish filtering-paper; he also obtained some 
of the transparent mucus which had col- 
lected on the palate near the apices of tbe 
poison-fangs. A fragment of this paper a 
few millirnetres square placed under the skin 
of the back of a frog generally caused death 
in from six to twenty hours, the cause of the 
fatal rpsu1ts, tbe author thinks, being due to 
the admixture of some of the }'ellow, oily 
secretion of the poison-gland with the sali- 
va. Paper impregnated with the poison re- 
tained its activity for six months or more, 
and enough was obtained from one animal 
to saturate twenty pieces of filtering-paper 
presenting twenty to thirty-fi,-e square milIi- 
metres of surfacf'. It wa;:o; found that a 
quantity of the poison not exceeding 
0.00037 of n gramme is capable of produc- 
ing, when inserted beneath the skin of a 
frog. well-marked and persisteut symptoms 
of poi:,oning and death in thirteen days; 
and quantities varying from one-half to one 
miIligramme killed a frog in from eight to 
twenty hours. 
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ACCORDING to an estimate made by the 
llerlin Statistical llureau, the total steam 
motiye-power actually in use throughout 
the world i::; equal to 13,500,000 horse-pow- 
er, or to the working' force of 25,000,000 
horses. 
SOME grains of wheat left in Polaris Bay 
(north latitude 81 0 38') by Captain Hall's 
expedition, in the year 1872, were carried 
to England by Captain K ares last year. 
Though they had been exposed for four 
years to the intense cold of that high lati- 
tude, these wheat-grains germinated on be- 
ing sown in a pot of earth at the Botanic 
Garden, Kew. 
A P APIER-MACHÉ coating for the bot- 
toms of iron-ships is proposed by Captain 
F. 'Varren, who states that weeds and bar- 
nacles will not adhere to this material. The 
special cement by which it is secured may 
be applied cold, hardens under water, is 
unaftt
ted by high temperature, and pos- 
sesses great tenacity. A plate thus pro- 
tected on one side was immersed for six 
months, and then the protected side was 
found clean, while the unprotected metal 
was covered with rust and shell-fish. 


THE schooner Florence, avant-courrier 
of Captain Howgate's proposed expedition 
to the north-polar re
ions, sailed from New 
London on the 2d of August, with the de- 
sign of establishing a colony of explorers 
on the north shore of Cumberland Island. 
This island forms the western shore of 
Davis Strait, and lies between parallels 64 
and 68 north latitude and between the me- 
ridians 62 and 78 west longitude. The 
party which goes out in the Florence is 
supplied with provisions sufficient for one 
year, or until the arrival of the main expe- 
dition under Captain Howgate, which is 
expected to sail in July of next year. The 
ship's officers and scientific staff of the 
Florence are as follows: 
Iaster, George E. 
Tyson, of Polaris fame; first-mate, ""il- 
liam Sisson; second, Dennison Burrows; 
steward, Eleazar Cone; meteorolo
i:;:t, 01'- 
ray T. Sherman; naturalist, Ludwig Kum- 
lin. 
lL-. Shl'rman i:; a graduate of Yale Col- 
lege. 
h. Kumlin is sent under the aus- 
pices of the Smithsonian Institution. The 
vessel's crew consists of picked seamen. 
TIlE first" telephonic line" for practical 
ll
e has been set up by :Mr. C. 'Villiams, of 
lloston, connecting his place of bu!<inesR in 
that city with his residence in Somerville, a 
distance of about three mi]PR. By tÌ1is line 
h conversation," )11'. 'Villiams says. " can be 
carried on nearly as well as if those con- 
versing were in the same room." 


TilE "Transactions" of the Ame
ican 
Society of Civil Engineers for June contains 
an interesting dîscm:
ion on the SUbjéct of 
the preservation of timber, besides minutes 
of meetin
s and several articles of impor- 
tance mainly to engineers. 
A YEAR or two ago, Prof. Bolton, of 
Columbia College, had some combustible 
material in his laboratory set fire to by 
rays of light concentrated by a globular 
glass jar filled with water. A similar acci- 
dent lately occurred in Paris, a number of 
cartrid
es being: ignited by solar rays con- 
centrated by an "eye" in a window-pane. 
...\. terrific explosion resulted. ,. 
imilar ca- 
tastrophes," says .A
at'll'rc, "are more com- 
mon than is generally supposed in sum- 
mer, the windows of railway-carriages ignit- 
ing sometimes over.dried p13nts, or even 
leaves falleH on railway embankments. It 
is known that fires sometimes occur in Al- 
gerian forests through drops of "\\ ater sus- 
pended to the leaves and forming lenses." 
THE climate of Yictoria and other parts 
of the continent of ....\ustralia has been 
highly commended as of benefit to con- 
sumptive patients; but the official f'tatistics 
appear to prove the contrary. F!'Offi an 
"Analysis of the Statistics of Phthisis in 
Victoria>,' it appears that the disease is IlS 
common and as constant in Melbourne and 
its suburbs as in England, both among the 
immigrants anq, the native-born whites. 
IN 1843, as 
ve learn from a writer in 
the ÁmÆrican .A
ai'll'ralist, a white-mapJe 
tree (Ac(1" das!/carpllrn) in the town 
of 
toC'kbridge, :Massachusetts, rne::l.sul'ed 
tweh'e feet in circumference at three fpct 
above the ground. III October, 1876, the 
tree wa
, at the same héi
ht from the 
ground, fifteen feet nine illC'hcs in circum- 
ference. Thus the average annual increase 
of circumference was about 1.36 inch. 


THE London Geographical Society has 
declined to coüpemte with the Interna- 
tional Association for the Exploration of 
Africa founded by the_King of the Belgians, 
and favors independent work by the En
- 
lish. To promote the accomplishment of 
this work a fund is to be raised, and the 
Geo
raphical Rocicty has all'eady made a 
speéial donation of Æ500. It is estimated 
that a well-equipped explOl ing expedition 
will co
t .tl I Os. for every geographical 
mile of country traveled in Africa. 
TilE native trees, bushes, and shrubs, of 
Soutliern France that are mOf't sensitive to 
cold during extreme wÎIltprs are by :Mar- 
tins held to be sll1'1,il I 01.S of the flora which 
covereù the same area during the 
riddle 
Tertiary; they are exotic a
 to time) as 
other plants are exotic as to space. 
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